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GEOLOGIE EN MIJNBOUW 


MEGARIPPLES IN THE DUTCH WADDEN SEA 
AND IN THE BASIN OF ARCACHON (FRANCE) 


L. M. J. U. VAN STRAATENI 


INTRODUCTION 


At an early stage in the study of aqueous 
. ripple mark the difference was observed 
between the asymmetrical, transverse ripples 
formed by unidirectional currents and the 
symmetrical ripples which originate by (sym- 
metrical) wave motion. Ever since, the dis- 
tinction between waves and currents as agents 
producing ripple marks has been strongly 
emphasized. 


With the discovery of new types of ripple 
marks, however, it became increasingly dif- 
ficult to use this distinction as the major 
principle in ripple classification. Wave motion 
itself is a current phenomenon and between the 
oscillating currents of purely symmetrical 
waves on the one hand and truly unidirectional 
currents on the other hand, all transitions may 
occur. In fact, in the littoral environment, 
purely symmetrical waves are more the ex- 
ception than the rule. Asymmetric ripples 
which are neither true current ripples, nor true 
wave ripples (in the classical sence) are of 
widespread occurrence (type 6 of the present 
classification). 


On the other hand, perfectly symmetrical 
transverse ripples may be found that are not 
normal wave ripple marks, but which are pro- 
duced by the alternating currents of thin sheets 
of water flowing up and down on beaches with 
the swash and backwash (included in type 5 
of the present classification). 


Then again, many simple ripple marks are 
formed by the combined action of currents and 
waves (acting independently of one another), 
e.g. type 13. Finally, types of ripples occur that 
are at the same time the result of currents and 
of waves produced by these currents them- 


1 Geologisch Instituut, Groningen. 


selves: e.g. the regressive sandwaves and the 
thomboid ripples. These considerations led the 
author to discard the current versus wave 
criterion and to choose instead a major classi- 
fication based on the orientation of the ripples 
with relation to the dominant current directions 
(either unidirectional or oscillatory). This 
classification is proposed for recent ripples, 
where the conditions of formation are known. 
It is admitted that for "fossil’ ripples the part 
played by currents and their directions cannot 
always be ascertained, with the result that clas- 
sification according to thenew system becomes 
impossible. In such cases the ripples should be 
given neutral names or descriptions such as 
asymmetrical ripples, symmetrical ripples with 
rounded crests etc. 


The rhythmic patterns which occur in the 
bottom relief of the Dutch Wadden Sea and 
in the Basin of Arcachon may then be distin- 
guished as follows: 


A. TRANSVERSE PATTERNS. Ripples transverse to 


current (s). 


1. Ordinary current ripples. Cross section 
and texture asymmetrical; laminae inclined 
downstream; grain coarser at the bottom 
than at the top; A up to I m; h/A about OR 
in sand; formed by currents in one direction 
only; current velocity between first and 
second critical points of GILBERT, 


2. Transverse megaripples (cf. VAN STRAATEN, 


1950a). Cross section and texture asym- 
metrical; laminae inclined downstream; grain 
coarser at the bottom than at the top; 


A> im; h/A up to O,l; in sand; formed by 
currents in one (dominating) direction only; 
current velocity between first and second 
critical points of GILBERT. 


3. Regressive sand waves (cf. Bucher, 1919). 
Cross section rather symmetrical; A e.g. 0,15 
— 1,0 m; h/X e.g. 0,02 — 0,03; in sand; water 
relatively shallow; current in one direction 
only, above the 3rd critical velocity of GiL- 
BERT; formed both by tidal currents (e.g. in 


small gullies) and by backwash currents (on 
steep beaches; cf. TımmErmans, 1935, pp. 
374—375). 


4. Progressive sand waves (cf. BucHER, 
1919). Not known from the investigated 
areas. 


5. Symmetric wave ripples (cf. Bucher, 1919, 
pp. 1823-190). Cross section and texture 
symmetrical; sand laminae coarsest and 
thickest in the. ripple crests; mud laminae, 
when present, of constant thickness or thicken- 
ed in troughs or crests; A not > 10 cm; 
h/X 0,1—0,2; in sand and (sandy) mud; 
formed by waves in which the forward and 
backward (oscillation) currents are of equal 
effect. 

6. Asymmetric wave ripples (cf. Evans, 
1941, 1949). Cross section and texture asym- 
metrical; laminae inclined in direction of 
stronger currents; texture often highly re- 
sembling that of type 1; X usually not > 10 
cm; h/A e.g. 0,1—0,2; in sand; formed by 
waves in which forward currents are stronger 
than backward currents. 


B. DiAGoNAL PATTERNS. 
diagonal to current. 

7. Linguoid ripples (cf. Bucher, 1919, p. 164). 
A< 1m; h small; in sand; water relatively 
shallow; flow lines sinuous, divergent above 
each ripple. 
8. Linguoid megaripples. A > 1m; hrelative- 
ly small; in sand; water relatively shallow; 
flow lines sinuous, divergent above each 
ripple. 
9. Rhomboid ripples (cf. Wooprorp, 1935). 
A < 1m; h small; in sand; water relatively 
shallow; flow lines straight. 
10. Rhomboid megarippls. \ > 1 m; A 
relatively small; in sand; water relatively 
shallow; flow lines straight. 
11. Diagonal ripples (cf. WAN STRAATEN, 
1950b, p. 1226). Loose ridges of mud on 
hard, flat sand bottoms;; A < I m; Ah small; 
water relatively shallow; flow lines straight. 


Ripples partly or wholly 


C. LonGiTUDINAL PATTERNS. Ripples parallel to cur- 
rent(s). 


12. Longitudinal current ripples. X e.g. I— 
2 cm; h small. Loose ridges of mud on hard, 
flat sand bottoms; water relatively shallow; 
current in one direction only. 


13. Symmetric wave-current ripples (cf. Van 
STRAATEN, 1951). Cross section symmetrical:; 
texture comparable to that of type 5; in sand 
and mud; formed by combined action of 
currents and waves (the wave motion "sym- 
metrical”), 


14. Asymmetric wave-current ripples. Cross 
section asymmetrical; texture comparable to 
that of type 6; in sand; formed by combined 
action of currents and waves (the wave 
motion "asymmetrical”). 

15. Longitudinal megaripples. Cross section 
more or less symmetrical; A > I m; h/A eg. 


0,01; in sand and mud; mode of formation 
not yet clear, 


D. CoMPLEX PATTERNS 
16. Interference wave ripple marks (cf. 


Bucher, 1919, pp. 190—194). Formed by 
interference of waves coming from different 
directions. 


17. Complex wave-current ripple marks. Se- 
veral kinds; products of combined action of 
currents and waves, not resulting in ripples 
of the types 13 or 14. 


E. APrpEnpıx 
18. Surf megaripples (Lows and Balls) 
19. Beach cusps 


20. Metaripples. Asynchronous formations; 
products of transformation of one of the types 
1—17 by changed conditions of direction and 
velocity of waves and currents and of water 
depth. Among other kinds: doubled wave 
ripples (cf. Evans, 1943); sandwaves, trans- 
formed into transverse megaripples (cf. 
Bucher, 1919). 


The types 8, 10, 11, (12), 13, 14 and 15 are 
mentioned for the first time in this paper or 
in earlier papers by the same author (VAN 
STRAATEN, 1950 a, b, 1951). It is the author’s 
intention to give more details about the small 
scale ripples in a later publication. In the 
present paper only the megaripples will be 
dealt with. 


TRANSVERSE MEGARIPPLES 
(Type 2) 

The wave length of ordinary transverse 
current ripples (type 1) increases with increas- 
ing velocity of the generating current. Also 
the wave length is dependent on the “age” of 
the ripples as shown by MULLER (1941). The 
smaller ripples travel faster than the larger 
ones. They move forward over the backs 
("stoss sides’) of the large ripples until the 
cerests coincide. They then become embodied 
in these latter and their existance is ended. In 
this way the average wave length of the whole 
pattern gradually increases. Although MULLER 
did not investigate the question for wave 
lengths greater than about 10 cm, it seems very 
likely that the same process may lead ultimately 
to the formation of transverse megaripples. 


These megaripples should then be found 
downstream of the area where the original 
small current ripples were formed. However, 
regular series of current ripples with wave 
lengths that gradually increase downstream, 
terminating in transverse megaripples, are never 
observed. At the same time that small ripples 
become embodied in the larger ones, in the 


Fig. 1 — Basin of Arcachon 1:150.000. Dotted areas: tidal flats. Arrows: directions of steep slopes of 


transverse megaripples (after aerial photographs of Sept. 1948), 


way described above, new small ripples are 
developed on their flat backs. Initial stages of 
transverse megaripples covered with the com- 
mon small scale current ripples are frequently 
seen on the large, sandy tidal flats (plate 
1, A). 

Advanced stages of transverse megaripples 
do not occur on these flats. This is due to the 
fact that the current direction is changed with 


'every successive tide. Just when initial stages 


of the megaripples have been developed the 
direction is changed again, or altogether 
reversed and a new pattern begins to form. 
Wave action, always very effective on the 
flats, also tends to disturb the transverse cur- 
rent ripples. 


In the deeper channels large transverse 
megaripples are of regular occurrence. This is 
especially the case in the so called "eb- en 


vloedscharen’ (VAN WVEEN, 1950), tidal 


channels in which either the ebb currents or the 
flood currents largely dominate. Here the 
transportation of bottom sediment is practically 
limited to one direction, viz. from the com- 
paratively deep and wide, “open” entrance to 
the shallow and narrow, “closed” end. The 
steep lee slopes of the megaripples are there- 
fore directed towards this closed end. 


The dimensions of the ripples generally 
increase in this same sense, except above the 
shallow terminal edges of the “scharen” where 
they may again show a slight decrease. "The 
increase in size of the megaripples can be 
explained with MULLER’s principle. The ripples 
near the downstream end of the ebb- and flood 
channels owe their larger dimensions mainly 
to their greater age. 

Perhaps the current velocities increase also 
in this direction, in correspondance with the 
decreasing cross section of the currents. If 


Ameland. 


Fig. 2 — Pinkegat, tidal inlet between Ameland and Engelsmanplaat, approximately 1: 15.000, Low tide. 
After aerial photograph of Aug. 4, 1944. Arrows: directions of (steep slopes of) transverse mega- 


ripples. 


this is true, it makes up another favourable 
factor for the development or at least the 
maintenance of the larger ripples. However, 
no details are known about the velocity dis- 
tribution in ebb- and flood channels. It might 
be that a part of the water, before reaching 
the end of the “scharen” flows away over the 
lateral edge(s) and that the velocities do not 
increase downstream to any great extent. 


In any case it seems certain that above the 
shallow end parts themselves the currents 
diverge; the area of their cross section in- 
creases and the velocities must be diminished. 
This may account for the final decrease in 


wave length of the megaripples, which is 
observed in many cases. The shallowness of 
the water may contribute to this, in so far as 
it brings about greater exposure of the bottom 
relief to the destructive effect of wave motion. 


Although high current velocities are a 
favourable circumstance for the development 
of transverse megaripples, they should not 
surpass the 2nd critical point of GILBERT. 
Velocities of this magnitude were never en- 
countered by the author in the areas with 
transverse megaripples. Neither were cross 
sections of the type cited by BUCHER (1919, 
p. 173). The textures are fully comparable to 


those of ordinary small scale current tipples, 
with laminae that are inclined downstream. In 
the troughs, at the foot of the lee slopes of the 
tipples, the vortices tend to concentrate the 
heavier material, e.g. mollusc shells, The pro- 
grading movement of the ripples thus often 
gives rise to the formation of more or less 
continuous, horizontal shell beds at the base 
of the ripples. 


Applications 


kIEBesnso Areceachon (fig. 1) —- 
In the central part and near the tidal inlet 
ebb- and flood channels are present in about 
equal numbers, the first ones with transverse 
megaripples that move seaward, the latter with 
 megaripples, moving towards the land. 


Along the coast of the bay there is a zone 
in which almost exclusively ebb megaripples 
are found. In correspondance with the higher 
level the flood currents in these parts are only 
of reduced strength. On the other hand most 
of these channels serve to drain fresh water 
from the land and thus the ebb currents are of 
greater importance. 


(2) Pinkegat (tidal inlet E. of Ame- 
land, Wadden Sea) (fig. 2) — From the 
orientation of the transverse megaripples as 
seen on the aerial photographs, it follows that 
the ebb currents are strongest on the W-side 
of the inlet whereas the flood currents dominate 
in the central and E. parts. Both currents 
therefore tend to keep to the left. A remarkably 
analogous pattern of shoals and megaripples 
is shown by the aerial photographs which were 
taken at the same day above the Eilander Balg 
(tidal inlet E. of Schiermonnikoog). This 
tendency to keep to the left is just the contrary 
of what should be expected in connection with 
the influence of the earth’s rotation on currents. 
This force, the force of Coriolis, however, is 
very small and the direction of the currents in 
the tidal inlets is far more dependent on the 
direction of the currents in the North Sea. 
When, during the ebb stages the water flows 
out of the Wadden Sea into the North Sea, it 
is carried away to the left by the long-shore 
tidal currents in the North Sea which run at 
these stages towards the West. When the tide 
is reversed, the flood currents in the North 
Sea are directed towards the East thus giving 
the branches that flow into the Wadden Sea 
a deviation again to the left (Stroomatlas, 
1951). At least these conditions occur for most 
of the time of the flood and ebb stages and 
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for the stages in which the currents are 
strongest, 


LINGUOID MEGARIPPLES 
(Type 8) 

In flowing water the relation between the 
quantities of water and the quantities of bottom 
sediment that are transported seems to be of 
great importance in determining the kind of 
bottom relief that will be formed. 


When the flowing water is restricted to 
comparatively narrow channels and the hy- 
draulic depth is great relatively to the wetted 
perimeter, one finds, at the bottom, ordinary 
transverse current ripples and possibly also 
transverse megaripples. The crests of these 
tipples are more or less straight in consequence 
of lateral extension of the lee side vortices. 
The direction of the ripples is dependent on 
the direction of the current, which itself is 
determined by the direction of the channel. 


In shallow water, where relatively much 
more sediment is transported these conditions 
are reversed. 'I'he direction of the current at 
each spot is dependent not so much on that of 
the channel, as on the directions of the ripples 
themselves. These latter are then of linguoid 
shape. They possess a flat stoss side and a 
steep lee slope and advance downstream just 
like ordinary transverse current ripples. Above 
the linguoid ripples the flow lines follow vert- 
ical planes which are sinuously curved. At the 
upstream ends of the ripples they lie close 
together and a trough is formed which usually 
is elongated downstream. From here the flow 
lines diverge over the higher ripple edges. 


Linguoid ripples are very common in small 
gullies incised in flat sandy shoals, where 
neither a steep slope favours vertical erosion, 
nor resistance of bank sediments prevents 
lateral erosion. Relatively large wetted peri- 
meters develop and relatively much bottom 
sediment is transported. 


The same phenomenon may occur on a much 
larger scale. A good instance is presented in 
fig. 3, showing a channel in the E corner of 
the Basin of Arcachon. The “wave length” of 
these linguoid megaripples is of the order of 
magnitude of 100 m. Their shape is analogous 
to that of certain small scale linguoid ripples. 
They occur in shallow channels with a sandy 
bottom. 


Perhaps even the ebb- and flood “scharen” 
may be considered as related formations, see 
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3 i i i i i bout 1:12.500, Low 
Fig. 3 — Linguoid megaripples in the Eastern part of the basin of Arcachon, a L 
“ ne After Se photograph of Sept. 1948. The ripples have been formed by the dominating 
ebb currents (arrows), in the sand bottom of the wide, shallow channel. The channel is bordered 
by muddy tidal flats, covered with Zostera. 


Fig. 4 — Diagram of rhomboid megaripples on terminal parts of ebb- or flood channels. Based on 
aerial photograph of Pinkegat (see fig. 2). 


Fig. 5 — Longitudinal megaripples, both of the straight deep water variety and the curved, shallow water 
variety. Based on aerial photographs (1935) of NW-part of Ballastplaat, Lauwers Sea, scale 


approximately 1: 22.000. 


e.g. fig. 2. Here again a lengthwise trough is 
present and divergence of flow lines probably 
occurs above the shallow terminal edges. Their 
dimensions may be measured in kilometers. 


RHOMBOID MEGARIPPLES 
(Type 10) 

Small scale rhomboid ripples develop where 
very thin sheets of water flow with relatively 
great velocities over flat bottoms. The flow 
lines are straight, bisecting the top angles of 
the rhombs. The formation of the ripples seems 
to be connected with diagonal patterns of 
standing waves (hydraulic jumps). The water 
then has to flow with at least the critical 
velocity v = \gh. This explanation was given 
by WOODFORD (1935) and seems to be con- 
firmed by the observations of the present 
author, It can, however, hardly be applied to 
the case of the rhomboid megaripples. In cor- 
respondance with their large wave lenghts the 
height of these megaripples is also considerable 
and average water depths of at least % m 
seem to be necessary. The formula v = \gh 
would give in this case current velocities of 
> 2,2 m/sec. which do not occur in these areas. 

Where the rhomboid megaripples occur on 
flat surfaces they usually have constant di- 
mensions and the sides of the rhombs run 
parallel to each other, Thus for instance in a 
case on the delta of the Eierlandse Gat (inlet 
N of Texel) where A was about 10 m, and the 


top angle of the rhombs about 60°. More 
commonly, perhaps, they are found on the 
shallow, downstream parts of ebb- and flood 
channels (fig. 4). Here the wave length in- 
creases downstream, i.e. up the stoss side, e.9. 
from 10 to 100 m. The sides of the rhombs do 
not run strictly parallel in these cases but 
diverge from the deeper central parts to the 
shallow periphery (divergent flow typical for 
the linguoid character of these “scharen'). 
Here steeper top angles are common, e.g. 30°. 

Another type of diagonal pattern is that of 
the diagonal ripples s.s. (type 11). Here no 
gently sloping stoss sides and steep lee slopes 
are present: only loose ridges are seen resting 
upon an otherwise flat bottom, The author does 
not know whether megaripples comparable to 
this type occur, which are formed subaqueous- 
ly. He observed however large scale formations 
of these proporties, formed in snow. viz. 
during a journey by air above the Gulf of 
Bothnia (Febr. 1950). Here the long lasting 
E. wind had accumulated the snow in extremely 
regular dune patterns on the black sea ice. 
Three zones were distinguishable, in which 
respectively longitudinal, diagonal and trans- 
verse ridges of snow predominated. In the 
middle zone two systems of narrow, long 
straight and parallel dunes of snow crossed 
each other diagonally, the bisectrix corres- 
ponding with the direction of the wind. Be- 
tween the ridges the ice was free from snow. 


In the Wadden Sea diagonal patterns also 
occur which are not formed synchroneously, 
e.g. where two sets of longitudinal mega- 
ripples are superposed upon each other (fig. 7). 


LONGITUDINAL MEGARIPPLES: 
(Type 15) 

These ripples, usually symmetrical in cross 
section and with equally rounded crests and 
-troughs, may vary considerably in dimensions. 
Their wave lenghts may range from 1-60 m; 
their height from 1-20 cm. They may attain 
lengths of more than 1 km and are limited to 
the surface of the tidal flats. Notwithstanding 


7 
their low relief, they are mostly easily observ- 
ed, both in the field (plate 1, B) and on aerial 
photographs (plate 1, C), by the difference in 
water content of the sediment in the troughs 
and on the crests. At certain stages of the ebb 
tide, moreover, the troughs are still submerged 
when the crests have run dry. 


Two varieties may be distinguished: the deep 
water variety and the shallow water variety. 
Between these two all kinds of transition stages 
may be encountered. 


(a) Deep water variety — The 
ripples are very regular, evenly spaced, mark- 
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Fig. 6 — Distribution of deep water variety of longitudinal megaripples in Lauwers Sea 1 : 75.000. After 
aerial photographs of 1935, Dotted areas: tidal flats, 
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ediy parallel and extremely straight. Their 
direction corresponds with that of the tidal 
currents during the hours that all flats are 
fully submerged. In these circumstances the 
current directions are least dependent on the 
relief of flats and channels and their general 
pattern is as simple as possible (fig. 6). 

Observations in the field show that the cur- 
rent direction at the water surface may be 
influenced more or less by the wind, but the 
directions near the bottom correspond with 
those of the longitudinal megaripples. 

(b) Shallow water variety — The 
ripples are of smaller dimensions (X e.g. 1—- 
10 m), the spaces between the crests are less 
regular, the crests less long and usually more 
or less curved (fig. 5). The orientation of 
these ripples corresponds with the details of 
the bottom relief and apparently they are 
formed when the current directions are much 
more dependent on this relief, i.e. during the 
first and/or last stages of submergence, when 
the water is very shallow. 


The manner in which these megaripples are 
formed is not yet known. No data are available 
concerning the details of the water movement 
above these surfaces. The only point that is 
certain is that they are formed parallel to the 
currents. "The following considerations may, 
however, be of some relevance, at least in 
respect to the initial stages of the longitudinal 
megaripples. 

Where on flat bottoms obstructions occur 
in the path of the flowing water, long pointed 
ridges of sand accumulate. Where two such 
obstructions are situated in a line transverse 
to the current direction, and their mutual 
distance is not too great, the flow lines con- 
verge between them, causing erosion of the 
bottom. The hollow part, thus formed, gra- 
dually extends downstream, to form a long, 
shallow trough between the sand ridges. The 
cross sections of the sand ridges will be more 


or less proportional to the dimensions of the 
obstacles. The erosive effect between two 
large obstacles will obviousliy dominate over 
the accumulative effect caused by any small 
obstacle Iying in between. These smaller ob- 
structions may even be removed altogether by 
this dominating erosion. Likewise, the erosive 
effect between two small obstacles may be 
completely nullified by accumulation due to 
some larger one. This competition will lead to 
a gradual simplification of the whole relief, in 
which the distances between longitudinal ridges 
and troughs tend to increase. 


Both the shallow water- and the deep water 
variety may give rise to the formation of 
mussel banks. Such banks are of limited width 
and of very great length, more or less regularly 
spaced, and in the case of the deep water 
variety, extremely straight. It could not be 
ascertained whether the mussels originally 
settle down in the troughs or on the ridges. 
When observed (e.g. Ballastplaat, Lauwers Sea 
1950-1951) the banks were already fully 
developed. The fact that they occurred (at the 
time of observation) on ridges of sand may 
have been caused by a secondary accumulation 
of sand. After the fixing of the first mussels 
the relief may have been inverted. 


Along the coasts of the Wadden Sea, 
especially along those of the Wadden Sea 
islands, megaripples with about the same pro- 
perties are present which stand obliquely to 
the shore lines. The same phenomenon is found 
in the Basin of Arcachon, on the large sand 
flat South of the jetty of Cap Ferret (the only 
large sand flat not covered with oyster parks). 


Often two systems are present in one and 
the same area, crossing each other at about 
right angles. Along the coasts of the islands 
Terschelling, Ameland and Schiermonnikoog 
(all running approximately W-E) the SW— 
NE systems of longitudinal megaripples are 
strongly dominant (fig. 7 and plate 1, C). Pro- 


PLATE 1 
A— Initial stage of transverse megaripples. Blikplaat, Lauwers Sea, Sept. 5, 1951; low tide. Direction of 
picture about N 120° E. Direction of transverse megaripples about N 320° E; A 70 cm: h 1—2 cm: 
direction of current ripples N 350° E; X 6,5 cm; h I cm. 
B — Longitudinal megaripples on tidal flat along S- i i i 
ongitt g S-coast of Schiermonnikoog, July 27, 1951; 1 tide. 
Direction of picture towards SW. Two crossing systems: SW—NE = WIE a 
C — Longitudinal megaripples on the tidal flat borderin i i i 
g the S-coast of the island Sch i 
Aerial photograph of 1935; low tide. Scale approximately 1: 16.000. DT ee 
D — Parallel mussel banks formed on relief of lon 


15, 1951; low tide. (Photogr. by H. L. Halberts 


eh megaripples. Ballastplaat, Lauwers Sea: June 
ma). 
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g the South coast of the Wadden Sea 


Fig. 7 — Distribution of longitudinal megaripples on tidal flats alon 
onnikoog. Drawn after aerial photographs. Arrows: 
about 1:20.500; photograph taken in 1949: southern 


islands Terschelling, Ameland and Schierm 

directions of steeper sides, Terschelling: 

part of tidal flats submerged (flood stage). Ameland: about 1: 18.000, Aug. 4, 1944; low tide. 
:19.000, photograph taken in 1935, low tide. 


Schiermonnikoog: approximately 1 


bably the prevailing SW-winds in this area 
are responsible. The dominating SW-NE 
tipples would then be formed during the flood, 
when strong SW-winds push the water in this 
direction towards the coast. The NW-SE 
tipples would originate during the ebb stages, 
when the same winds deflect the currents to 
the east of their most probable southerly 
course. The relief, thus formed during the 
- strong and prevailing SW-winds (when the 
bottom sediment of course is most effectively 
moved), would be more or less permanent and 
could not be changed to any important extent 
during the winds of shorter duration and of 
less violence blowing from the other directions. 

When during the SW-winds the flood cur- 
rents decrease again in the course of the tide 
“ and the whole area is submerged, there must 
develop a (weaker) long shore current from 
W to E. Longitudinal megaripples parallel to 
the coast should then be expected. At the same 
time the oblique ripples already formed should 
be made asymmetrical by the transportation 
of sediment in this direction, in such a manner 
that relatively steep lee slopes should be 
formed, oriented towards the E. In fact, both 
phenomena are observed (fig. 7). 

Oblique longitudinal megaripples are not 
limited to the tidal flats bordering the coast. 
Sometimes they occur also on high and large 
flats in the central parts of the Wadden Sea, 
e.g. on the Brakzand, S of Schiermonnikoog. 


SURF MEGARIPPLES 
(Type 18) 

Surf produces the accumulation of sand in 
ridges parallel to the coast, separated from 
each other by troughs: the so called balls and 
lows. I£ there were no vertical movements of 
the sea level due to the tides and the waves 
were of constant size, probably only one ball 
and low would be formed, In consequence of 
the differences in sea level and wave size, how- 
ever, the relief is repeated. On relatively 
steep beaches, as along the North Sea coasts 
of the Wadden Sea islands, usually some 3 to 
4 series are found. Many more may be ex- 
pected on the gently sloping coastal flats of 
the Wadden Sea. As a matter of fact, aerial 
photographs of the Eastern part of the Lau- 
wers Sea show about 25 ridges parallel to the 
coast. They are evenly spaced (A ca. 10 m) 
and there is no reason to exclude this relief 
from the rhythmic patterns. It is not proven 
that these Lauwers Sea ridges are actually 
comparable to lows and balls. They present 
many features in common with the longitudinal 
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megaripples: low relief, evenly rounded crests 
and troughs etc. Yet their typical zig-zag 
courses, the fact that they split up and inter- 
finger more often than the longitudinal mega- 
tipples and the fact that their general direction 
is without exception parallel to the coast seem 
to point to an origin by surf, 

Similar ridges were present also at some dis- 
tance from the shore at the flat South of the 
Channel of Zoutkamp (aerial_ photographs 
1935). Here they occurred at the foot of a 
terrace-like elevation, covered with (marsh?) 
vegetation. 
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STATISTICS OF ORE DISTRIBUTION 
H. ]J. DE WIjs! 


PART II: THEORY OF BINOMIAL DISTRIBUTION APPLIED TO SAMPLING 
AND ENGINEERING PROBLEMS 


“All our scientific laws rest on chance, that 
is, on the hypothesis of an absolute disorder 
at the base. Now, these laws of nature 
express a remarkable harmony on our scale 
of observation: Order is born of disorder”. 


LecomtE Du Noür (1883—1947) 


ABSTRACT 


Part I of this paper was an attempt to show that 
sets of assay values, obtained from systematic 
sampling of ore in place, are distributed according 
to a binomial law. In the following Part II, this 
theoretical distribution is applied to practical pro- 
blems, related with: measures of variability in grade; 
the estimation of average grade, the accuracy of 
these estimates, and the significance of differences 
between such averages; the rejection of extreme 
assay values; the spacing of samples; the influence 
of pay limits and mining selectivity upon reserve 
estimates, Suggestions are made to obtain more 
objective estimates of ore reserves by the use of 
statistical theory. 


RECENT PUBLICATIONS 


After Part I of this paper (DE Wijs, 1951) 
was published, the final draft of this second 
part was delayed, largely on account of very 
recent publications by KRIGE (1951) and 
SICHEL (1952), who both applied statistics to 
ore estimation in the gold mines on the Wit- 
watersrand. 'I'hey plotted frequency histograms, 
representing thousands of gold assays, and 
found that a so-called ‘lognormal’ frequency 
curve (= logarithmic normal or Gaussian cur- 
ve, i.e,, the normal curve plotted in terms of 
the logarithms of its abscissae) satisfactorily 
fitted their histograms. Their further statistical 
analyses are based upon the parameters of the 
lognormal distribution. 


Incidentally, the present writer also fitted 
lognormal curves to frequency distributions of 
mine samples (DE Wiıjs, 1948, 1951), though 
manifestly as an approximation of a binomial 
curve and with the only purpose to use area 
tables of the normal curve (to estimate fre- 
quencies for given intervals), In this paper no 
further inference is drawn from the equation 
of the lognormal curve. 


KRIGE and SICHEL, using standard deviations 
(in terms of logarithms), obtain results strictly 
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applicable to random sampling only, whereas 
our measure of variability — the coefficient d 
— is adapted to the established practice of 
systematic mine sampling. On the other hand, 
far more general knowledge has been accu- 
mulated pertaining to the (log)normal, as 
compared to the binomial distribution or the 
method of successive differences; KRIGE and 
SICHEL found a better-paved road. 


Chart 6? is a good example of the J-shaped 
histograms encountered on the Rand; typical is 
the extreme skewness of the fitted lognormal 
curve with large differences between the arith- 
metic mean (M = 226 in.-dwt.), the median 
(X, = 100 in.-dwt.), and the mode (at about 
12 in.-dwt.). For this set of samples we found 
a F2 


Both KRIGE and SICHEL apply a theoretical 
lognormal distribution primarily to derive 
estimators for the average grade of a block of 
ore, represented by a set of assay values. Their 
estimators replace the conventional arithmetic 
mean and are claimed to be more reliable and 
less sensitive to occasional high values. KRIGE's 
work on other applications (e.g. the correlation 
between gold and uranium values) has not yet 


been published. 


MEASURING VARIABILITY IN GRADE 


A sound measure for the variability or dis- 
persion of a constituent in a mineral deposit 
will in itself be useful to describe the deposit 
or to compare it with others. Moreover, it is 
recognized that variability in grade has an 
important bearing on the economic value of 
mineral deposits. GUNTHER (1932) wrote: 
“The regularity of a deposit, together with its 
size, determines the cost of development. Of 
two deposits that contain a like quantity of 
commercial orte, the regular deposit is by far 
the more valuable.” It might be added that 
when a deposit as a whole is below the pay- 
limit, the irregular rather than the regular 


deposit may still offer possibilities with selec- 
tive mining. 


® The numbering of charts, tables, and equations 
is continued from Part I, containing charts 1-5, 
tables I—V, and equations (1)—(4). 
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Chart 6 — South Reef East Section of the Rand Leases Gold Mining Co., Transvaal. Histogram of 
380 gold assays and fitted lognormal curve (adopted from H. S. Sichel, 1952). 


Variability in grade enters into many en- 
gineering problems, including the selection of 
mining methods and the size of stoping units. 
Yet, in valuation reports, the variability of the 
valuable constituent is usually indicated by 
vague descriptions — if discussed at all. In 
some reports the range is mentioned, i.e. the 
lowest and the highest assay. This is, indeed, 
a simple and easy-to-understand measure of 
variability; it has, however, serious disadvant- 
ages: Without taking into account the scatter 
of any other assay values, it is based upon the 
two extreme assays of the series, and if any 
assay is open to suspicion, it is apt to be such 
an extreme value! Moreover, the range tends 
to increase as the number of samples increases, 
and thus affords no comparison between series 
of different numbers of samples. It is likewise 
difficult to compare with the range of another 
set of samples that differs in average grade. 

For a section of the Shamva Gold Mine (see 
Part I, Table V) the range is 0.0 to 257.7 dwt. 
The mean of the corresponding 442 samples is 
8.2 dwt, or well below the mid-range at 128.9 
dwt. This is, of course, due to the positive 
skewness of the binomial distribution. It is 
misleading to quote the range, without ment- 


ioning the mean — a trick, practised by certain 
promotors of prospects. 

It is proposed to use as a measure of variabi- 
lity, the coefficient d, based upon the mean suc- 
cessive difference between assay values, each 
of which is thus considered relative to its 
neighbours. The more common practice is to 
take deviations of individual data relative to 
the mean. Like the time-honored standard 
deviation (a), our coefficient d takes account 
of all assay values, and is adapted to algebraic 
manipulation. It is less laborious to compute, 
but the outstanding advantage of the coefficient 
d is that it takes into account the possibility 
that successive values are correlated with each 
other. Furthermore, it is the basis of the theo- 
retical binomial distribution and will crop up 
in most formulae, derived from that distri- 
bution. 

When mine samples are spaced according to 
a fixed pattern — as is common practice — it 
will be intuitively recognized that the varia- 
bility in grade does not depend exclusively on 
the assay values, but also on the order in which 
they occur. As demonstrated in Part I, this 
order äaffects our coefficient d, but not the 
standard deviation or other common measures 
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(STANDARD) COEFFIGIENT OF VARIATION 5 


0 01 02 0.3 0.4 0.5 0.6 0.7 0.8 
COEFFICIENT d 


Chart 7 — Relationship between coefficient d and 
o/M for N = 50, 100, 200 and 400. 


of dispersion. In case high and low assays 
alternate in a haphazard way, d will be larger, 
than when these same values exhibit a definite 
trend in space (pointing ın general to an 
assignable cause of variation). 


Lest any misunderstanding should arise here, 
let it be emphasized that the standard deviation 
is a most useful concept in connection with the 
accuracy of the average grade of ore, repres- 
ented by a series of assay values — a topic that 
will be discussed later. In that connection, it is 
important to note that the terms of the theore- 
tical binomial distribution (Egq. (1)) possess a 
standard deviation dependent only upon M, d, 
and N (or M,d, and k, because N = 2%), 


It can be shown that the standard deviation, 
as the root of the mean square deviation, rela- 
tive to M, of the terms of the binomial ex- 
pansion, works out to: 


e=Mv(i+re2)%#®-1 (5) 
Chart 7 gives the relation between the coeffi- 


cient d and the standard coefficient of varia- 
tion (o/M) computed with Eg. (5). 


As illustrated by Chart 7, the standard 
deviation appears to increase with the number 
of samples, though the variability in grade, 
expressed by d, remains constant. This may 
seem anomalistic, but is the result of our pre- 
mise of ideal samples, i.e., samples correspond- 


ing in assay value with the average grade of 
the volume of ore they represent. The larger 
the number of samples, the smaller the volume 
of ore per sample will be; and small volumes 
of ore will fluctuate more in grade than large 
blocks. 

Eq. (5) is essentially an estimate of the 
standard deviation from successive differences. 
In many ways it is superior to the standard 
deviation, computed in the ordinary way, 
directly from the individual assay values. Our 
estimate of d embodies a correction for a 
possible correlation between successive values, 
and is less sensitive to occasional extreme 
assays; it only holds true, however, for a 
binomial distribution of the data. SIMON (1941, 
pp. 140-143) applied the standard deviation 
estimated from successive differences to bal- 
listic research, and points out how well this 
statistic takes care of variations that are only 
in part due to chance and in part to assignable 
causes, the latter producing a ‘shifting mean’. 

Accepting the coefficient d, as the most 
appropriate measure of variability for mineral 
deposits, we will now consider its practical 
aspects. Equation (2) gives the most precise 
estimate of the coefficient d for a series of 
samples, spaced equidistantly along a line. For 
two- or three-dimensional patterns of spacing, 
laid out along square, triangular, or other grids 
(e.g. in wide and irregularly shaped orebodies, 
or alluvial deposits), the following, slightly 
modified, expression is preferred: 

Mean successive difference 
= (6) 
2M 

In case no assay plan is available, from 
which the successive differences can be ob- 
tained, but only the assays, without their 
location, a fair estimate of the coefficient d 
can still be based upon the relation of the 
observed median® (X,) to the mean (M). 
Equation (3) is transformed to: 

X, = M (1—d2)"* (7) 


from which d is easily solved. 


Individual mineral deposits, belonging to a 
more or less well-defined type — of world- 
wide distribution, or restricted to a metallo- 
genetic epoch and province — may differ con- 
siderably in average grade; yet, these deposits 
tend to show remarkably constant values for 
the coefficient of variability d. This coefficient 
seems to be a trait, dependent upon the mode 


3 The median is the value above which and below 
which the same number of assay values occur. 


of origin, whereas the average grade expresses 
the local intensity and duration of the mineral- 
izing process. 


In the author's experience, the base metals: 
Cu, Pb, Zn, and Sn in hydrothermal fissure 
veins are distributed with coefficients d with a 
central tendency around 0.20. The variability 
in grade of these deposits is judged in the 
following terms: 
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Let us assume that a tin deposit consists of 
cassiterite and quartz only, and that the samp- 
ling of this deposit indicates: M,, = 5.00 % Sn 
and d,, = 0.30, then: M sn02 = 6.33 % SnO,, 
dsno2a = ds„ = 0.30, and My;0a = 100 — 6.35 
= 93,65% SiO. Substituting these values in 
Eq. (8) gives: d,,oa = 0.02, denoting an ex- 


(8) 


Pe regular d < 0.15 tremely uniform distribution. 
o comments’ d = 0.15—0.2 
a. an. u I£ more than two constituents are present, 
Yy g EU ZI ZU: as will ordinarily be the case, we are tempted 
Extremely irregular d > 0.35 to write: 
(Be de EL Er Be — ! 5 : > 2 Se l 
M;, M; M; M- 
Gold and other precious metals in hydro- This, however, is no more than a coarse 


thermal deposits are comparatively more dis- 
persed; the 'no-comments’ range is here about 
d = 0.35—0.45. Even more irregular is the 
distribution of metals, like Ta, Nb, or Be in 
pegmatites. On the other hand, stratified depo- 
sits of Fe or Mn would be considered as 
remarkably irregular if the coefficient d sur- 
passed 0.20. 


In a very broad way, the variability of the 
elements may be correlated with their relative 
abundance. The more abundant elements ex- 
hibit less variability than the rare elements. 
DavıDsoNn and BOWIE (1951) reported that 
the uranium content for the black-sand con- 
centrates of gold placers in the Belgian Congo 
and Siberia fluctuates in such degree that not 
even the order of magnitude can be determined 
from series of hundreds of samples. In marked 
contrast, a large number of samples from the 
Bomi-Hill iron deposit in Liberia ranged 
between 67.35 and 69.70% Fe (ENGELBERT 
VAN BEVERVOORDE, 1946, p. 148). It is signi- 
ficant that in this iron deposit the variability 
of the impurities is considerably higher. Phos- 
phorus is particularly erratic and ranged from 


0.022 to 0.280 % P. 


Theoretical considerations confirm that the 
variability of a constituent will tend to be 
inversely proportional to its relative abundance. 
Let us consider a deposit made up of only two 
constituents, A and B; for each sample the sum 
of the two assay values v, + v5 100%: It 
is easy to see, that for any set of samples the 
mean successive difference is the same for 
constituent A as for B. It now follows from 


Eq. (6) that: 


approximation. It does not account for a pos- 
sible correlation between some of the con- 
stituents, which may be related by e.g. a phase 
equilibrium or ionic substitution. 


The probability that minor constituents will 
possess a high variability is often overlooked. 
For instance, if the average indium content is 
required for a zinc deposit, very likely one will 
be satisfied to have only a fraction of the 
customary zinc samples assayed for indium, 
though it may possibly take more indium than 
zinc assays to reveal merely the order of 
magnitude of the average indium content. 
Likewise, the appraisal of an iron deposit may 
require more phosphorus than iron assays. T'he 
author views with skepticism geochemical con- 
clusions that are based upon sparse determina- 
tions of trace elements. 


ESTIMATION OF AVERAGE GRADE 


The most important step in the analysis of 
a series of assay values, from the systematic 
sampling of ore in place, is to summarize these 
data into a single figure that is the best possible 
estimate of the average grade of the sampled 
section. 


In case samples are cut over the same width 
and are equidistantly spaced, the average 
grade is usually assumed to be the arithmetic 
mean of the assay values, i.e., the sum of these 
values divided by their number. I£ the widths, 
the spacing, or both vary, a weighted arithmetic 
mean is computed. Weighting according to 
specific gravity is rarely practised, although it 
would be equally appropriate in many cases. 
Mine appraisers, constantly on guard against 
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empirical constant, to be known a priori from 
a pilot study. SICHEL multiplies the GM with 
a complicated mathematical expression, con- 
taining Gamma and Bessel functions, of the 
number of assays and the variance of their 
logarithms. This factor can, however, be taken 
from the tables that SICHEL has produced. 


As compared to the FX,-estimator, the 
estimators advocated by KRIGE and SICHEL 
share the following drawbacks: 

(a) They are based upon the theory of random 
sampling, rather than upon the standard 
practice of systematic sampling. 

(b) The assumed lognormality is an empirical 
approximation, without analytical founda- 
tion, that leads into a maze of mathe- 
matical complexities. 

All three estimators are decidedly more 
efficient — in the statistical sense — than the 
arithmetic mean, particularly when the number 
of assays is small and their variability high. In 
a majority of cases they will be closer to the 
true average grade, but in some cases will be 
farther from the truth than the conventional 
average. 

The arithmetic means, presented in Table 
VI, require deceptively small adjustments — 
deceptive, because these fractions of 1% Zn 
suggest an accuracy of the method of estimation 
that is not in keeping with the standard error 
of around 15% Zn for the averages of these 
blocks. Invariably, these adjustments were 
found to be less than the standard errors of the 
corresponding arithmetic mean or of the 
estimator itself, which is somewhat less. 


On account of its limitations — obvious as 
these may be to a statistician —, its complex 
nature, and its laborious computation, our 
estimator will not be readily accepted by those 
who are in general responsible for the estima- 
tion of ore reserves. In fact, the use of the 
estimator would weigh as nothing in the balance 
for the total-reserve estimate of a base-metal 
mine, if the estimate includes over a hundred 
assays of moderate variability. It is most useful 
when the variability is high; yet, decisions have 
to be based upon very few samples (e.g., the 
decision to start a stope in a gold mine). 


The property of the estimator to reduce the 
influence of accidental extreme assay values 
is of special interest to the mining world, where 
the treatment of 'erratic’ values is still a con- 
troversial issue, The theory of mathematical 
statistics supports to some extent the principle 
of 'cutting’ high assays, but, of course, con- 
demns any form of irrational cutting. 


When employed merely as a statistically 
sound technique to deal with extreme assays, 
the use of the estimator is a rather roundabout 
procedure. It would be more in keeping with 
the customary train of thought to establish first 
a criterion for the detection of extreme values 
that require adjustment and then determine the 
amount of the adjustment. From the statistical 
point of view, such a procedure is less elegant 
and efficient, but it is expected to be more 
favourably received by mine appraisers, who 
want to follow with their own eyes how their 
assays are combined into an estimate of average 
grade. For that reason, a more direct approach 
to the problem of extreme assays will be dis- 
cussed under the next heading. 


TREATMENT OF EXTREME ASSAYS 


Let it be stressed that the extreme values, 
considered here, are premised to represent 
correctly the grade at the sampled spot; a 
check-sample from the same spot would con- 
firm the unusual value. Strictly speaking, the 
extreme assays themselves thus do not require 
corrections; only the arithmetic mean of a set 
of values that includes an extreme assay has 
to be adjusted. 


Now it is true that the adjustment of the 
mean can be expressed in terms of a cut of an 
unusually high assay, but we should bear in 
mind that the value to be substituted for this 
high value depends, among other factors, upon 
the number of values that composes the 
average. The amount to which a high assay 
has to be cut is not fixed; the fewer the 
samples with which it is averaged, the more it 
has to be reduced. 


An extreme value will be defined as an assay 
outside the theoretical range, indicated by the 
binomial distribution for the set of values that 
is analyzed. Now, this theoretical range simply 
consists of the powers of the first and the last 
terms of the binomial expansion (Eq. (1), 
Part I), denoting respectively the theoretically 
highest (v„.,) and lowest (v,;,) assay values. 
These powers are: 
max = (1 + d)EM (11) 

nn (1 > d)EM (12) 

The expected frequency, computed as set 
forth in Part I, either above v,,,, or below Pi 
is exactly one half; consequently the odds are 


against the occurrence of a value outside these 
fiducial limits. 


Li 


For the example of the Pulacayo zinc vein, 
we found M = 15.61 % Zn, d = 0.205, and 
N = 118 (k = 3.322 log N — 6.883), which 


gives: v,.; = 3:22% Zn and v... = 56.34 % 
Zn. In this set the lowest assay is vj,5; = 
3.7% Zn and the highest vg; = 39,3%, Zn 
(Table I). All values are within the fiducial 


limits and there is no reason to adjust the mean. 


Where a value occurs in excess of v„,,, the 
obvious adjustment in the calculation of the 
arithmetic mean is to replace this value by v,,.x; 
similarly an extreme low value is raised to v_, 


min’ 
‘ This procedure has its flaws: 


(a) After the mean is adjusted, new values of 
M and d give slightly different fiducial 
limits that will no longer quite embrace 


the original v EN 


max 
(b) Values a little below v,,,,. of above v,,;, 
may cause after the adjustment a crowding 


of values close to the fiducial limits. 


In practice, these inaccuracies are insignif- 
icant, unless (a) a set of very few values 
(say, N _ 10) is analyzed, or (b) we find 
more than two extreme values either above 


v or below v,,;.- 


max 
This procedure will be applied to the set of 
442 gold assays from the Shamva mine (M = 
8.2 dwt., d = 0.420, k= 3.322 log 422 = 8.788). 
Egs. (11) and (12) give: v,;, = 0.008 dwt. 
and v,„.. — 178.7 dwt. A record of the assays 
(TRUSCOTT, 1937, p. 72) shows that two 
assays (257.7 and 235.2 dwt.) exceed v,,.. (the 
third highest is 137.9 dwt.). No significance 
can be attached to six 0.0 assays, because the 
returns are given in 0.1 of a dwt. (the seventh 
lowest assay is 0.2 dwt.). Substitution of 
Ynax — 178.7 dwt. for the highest two assays 
gives an adjusted mean of 7.9 dwt., which is 
close to the FX, estimate of 7.8 dwt. It is 
interesting to note that the operating staff of 
the Shamva mine used the arbitrary rule that 
ı any assay over 40 dwt. has to be reduced with 
regard to neighbouring assays. With this rule 
their estimate of average grade is 5.0 dwt. 


Empirical rules to scale down high assay 
values tend to reduce the estimates of average 
grade in a far more drastic manner than would 
result from either the estimator or the above 
procedure of fiducial limits. This drastic cutting 
of high assays in order to force reserve es- 
timates to conform to a preconceived yield is 
misleading, inasmuch as it hides other sources 
of discrepancy, including physical bias of the 
“ sampling method as well as mining losses. 


More objectionable than such empirical rules 
are pseudo-statistical rules, of which a typical 
example follows: BATY (1948) proposed to 
" eliminate assays that are more than two 
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standard deviations in excess of the arithmetic 
mean. He states that the chance for the occur- 
rence of such high assays is only 2.5%, and, 
therefore, considers these values as abnormal. 
To illustrate his rule, BATY applies it to a set 
of 294 assay values, without realizing that 
2.5 % of this number of values would indicate 
an expected seven values in excess of his 
fiducial limit! Evidently, he did not realize 
either that the given 2,5%, probability only 
holds true for a normal distribution, whereas 
the frequency table he presents for his example 
(a gold placer) reveals an extremely skew 
distribution. 


The familiar practice to cut high values, but 
never to raise equally conspicuous low values, 
may appear more reprehensive than it is. In 
fact, our criterion will disclose as many low 
as high extreme values, but raising a low value 
to the lower fiducial limit will — in general — 
raise the mean with a negligible amount. 
Moreover, zero-values frequently result from 
samples taken outside the orebody, and are, 
consequently, not homogeneous — in the sta- 
tistical sense — with the rest of the data. Such 
zero-values should be separated prior to the 
statistical analysis of the assays pertaining to 
the orebody. In the final estimate the zero- 
assays can — if necessary — be accounted for 
as a dilution factor (e.g., in case post-mineral 
dikes traverse the orebody). 


ACCURACY OF ESTIMATES OF 
AVERAGE GRADE 


Again we will disregard the possible effect 
upon the estimates of average grade from 
physical sources of error, during the cutting of 
the samples, their reduction to assay portions, 
or the assaying. Each assay will be assumed to 
represent correctly the grade at the sampled 
spot. The remaining factors governing the 
precision of the average are: (a) the number 
of assay values, and (b) their variability. 


Although the fundamental frequency dis- 
tribution is binomial and not normal, the dis- 
tribution of the mean may safely be assumed 
to be of the normal type. This can be visualized 
as follows: Suppose that the sampling of a 
certain volume of ore is repeated several times, 
then a set of means (M,, M,, etc.) is obtained, 
of which the overall mean (M) will be such a 
close approximation of the (unknown) true 
mean that the two may be assumed indentical. 
The deviations M—M,, M—M3,, etc. are now 
quite independent and entirely the result of 
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chance causes, to which the normal law of error 
applies. 


The frequency series of means has a 
standard deviation (o,„ = standard error of 
the mean) that is subject to the following 
approximate relation: 


[07 
VN—1 
where o is the standard deviation of the in- 
dividual assay values and N the number of 
values. Equation (13) was derived for a nor- 
mal distribution, but empirically it has been 
shown to hold true for almost any non-normal 
distribution as well. Combining Eg. (13) and 
Eg. (5) we obtain: 


DIRuR 
or =M - 


Because the distribution of the mean is 
approximately normal, an area table for the 
normal curve directly supplies, for any given 
value of o,, and for any specified degree of 
probability, the range that will include the true 
mean value, For instance, the odds are 2.15 to 
l against a true mean outside M = oy 
inasmuch as 2.15 : (2.15 + 1) or 68.3% of the 
area under the normal curve is comprised 
between two ordinates at +0, and —o,, from 
the origin, which represents the unknown true 
mean. The odds for other limits are given in 


Table VII and Chart 8. 


The time-honored probable error is M + 
0.6745 0; the probability is 50 % that the true 
mean is within these limits, 25% that it is less 
than the lower limit, and 25%, that it is higher 
than the upper limit. As FISHER (1948) stated: 


(13) 


aM 


(14) 


TABLE VI 
Column B: Odds against the occurrence of the true 
mean grade outside the limits specified 
in column A. 


Column C: Probability that the true average grade 
is within the specified range. 


A B © 
EUERLEEE ar in: 
M # 0.6745 0, 1:1 50.— % 
M+oy 2.15:1 683% 
M+2o, 20.98 : 1 955 % 
MS 3oy 369.40 : 1 97% 
M+4oy 15,771.87 : 1 99.994 % 


“The common use of the probable error is its 
only recommendation”. In case the grade 
M — 0.6745 o,, would happen to coincide with 
the pay-limit, the odds are 3 to 1 that the ore 
is of payable grade and mining this ore is still 
a highly speculative venture. 

In many fields, it was found convenient to 
set confidence limits  M=2o,, the risk 
being 2.3% that the true value is less than the 
lower limit. Now these confidence limits are 
again too exacting for the estimation of ore in 
place, considering the many other hazards 
involved in the commercial exploitation of a 
mineral deposit. One may be willing to incur a 
higher risk in starting a stope than in buying 
a mine, but in general risks of 5—15% are 
accounted for in valuation formulae. The 
author's practice is to demand that estimates 
of blocked-out (‘proved') reserves are at least 
1.4 ao, above the pay-limit, which corresponds 
to a risk of 8% that the ore may be below 
commercial grade. For the estimation of 'pro- 
bable’ ore, the lower limit of the probable error 
can be applied similarly. 

Table VIII presents various measures of 


TABLE VII 


Pulacayo and Shamva mines. Comparison of the precision of the arithmetic means. 


Characteristics Symbol Pulacayo Shamva 


zinc mine gold mine 
Numbewotssamplese N 118 442 
Arithmeiieimean. Se ae M 15.61 % Zn 8.2. dwt. 
Coeif wol arlabili tv d 0.205 0.420 
Stdadev Fassaysı (Ed (SH emn a 8.93% Zn 12.7 dwt., 
Stdiedeyssmeans (Ba (U) rk oy 0.83% Zn 0.61 dwt. 
Coeff. of variation of mean ............... 100 0 ,/M 53% 14%, 
Probablezerröorenn 2 oe 0.6745 a, 0,56% Zn 0.41 dwt. 
92% probability true grade above ...... M—14oy 14,45% Za 73 dwt. 
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DEVIATIONS FROM MEAN IN TERMS OF THE STANDARD DEVIATION 


Chart 8 — Odds against the occurrence of a devia- 
tion in terms of the standard deviation of the mean. 


precision of the mean grade for the examples 
of the Pulacayo and Shamva mines. As in- 


. dicated by the respective coefficients of varia- 


tion of the means, the estimate for the Shamva 
mine is relatively less accurate, due to the high 
variability of the gold content, which more 
than offsets the gain in precision on account 
of a substantially larger number of samples. 


SAMPLE SPACING 


We can modify the precision of estimates of 
average grade only by changing the sample 
spacing. The interval between successive 
samples, equidistantly spaced along a line, is 
inversely proportional with the number of 
sample values. In the example of the Pulacayo 
mine, the distance between the samples was 
2.00 meters; if we reduce this distance to 1.00 
meter, the number of samples is doubled (from 
118 to 236), which raises the exponent k one 
unit (from 6.883 to 7.883); thus the standard 
error of the mean (o,,) is reduced from 0.83 
to 0.63% Zn — doubling the number of 
samples by no means doubles the precision of 
the estimate! 

Table IX shows the relation between sample 
spacing and the standard error of the mean for 
the examples of the Pulacayo and Shamva 
mines. 

TABLE IX 
Pulacayo and Shamva mines. Expected standard 


errors of the mean grade for different intervals 
between samples. 


Samples Standard errors of the mean: 
spaced at: Pulacayo Shamva 
zinc mine gold mine 
ee u 
0.50 meter 0.48 % Zn 0.37 dwt. 
1:00. , NOS AZ 
2:00 5 (BI ol, 
00 Klara DSd4Er 
10.005, AIR; 1.064; 


mn m — — — 
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An easy rule of thumb is that by doubling 
the number of samples the error of the mean 
is reduced with 20 to 25%; the tenfold number 
of samples roughly halves the error. 


In several mining reports statements can be 
found to the effect that an estimate of adequate 
reliability could not be obtained with the con- 
ventional methods of sampling, the mineraliza- 
tion being too irregular. This experience is in 
agreement with the theory. If the coefficient 
of variability d = 0.5, about a thousand sam- 
ples would still produce a standard error of 
10% of the arithmetic mean grade! Apart from 
the time and expenses involved, it will often 
be impractical to take the large number of 
samples that is theoretically required from the 
existing limited exposures of the ore. We owe 
a clear description of the difficulties involved 
in the appraisal of an extremely irregular wol- 
framite-quartz vein to DE HAAN (1941), whose 
estimate of the average grade for this deposit 
was primarily based upon the past yield from 
known space, supplemented by the 'purposive 
sampling’ of small areas chosen to conform to 
what the operators classify as lean, average, 
or highgrade ore. 


SIGNIFICANCE OF THE DIFFERENCE 
BETWEEN TWO MEANS 


With frequency one is faced with the ques- 
tion whether one shall attribute a disparity 
between two estimates of average grade to a 
real difference or to chance variations arising 
in sampling — in other words: is the difference 
significant or not. 

Let us consider the following example: The 
Pulacayo zinc vein gave on the —446 level 
M, = 15.61 % Zn and oyı = 0.83% Zn (see 
Table VIII). On the —476 level, the same vein 
gave M, = 1430% Zn (Na = 80 and 
d, = 0.211) and oya = 0.92% Zn. Should sig- 
nifiance be attached to this apparent decrease 
in mean grade with depth? 


The statistical criterion for a significant 
difference is: 


(15) 


It consists of the ratio of the difference of 
the two means to the standard deviation of 
that difference. If this ratio is more than 2, the 
difference is significant, for the simple reason 
that deviations in excess of 2 standard de- 
viations seldom occur. When N,, N,, or both 
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FREQUENCY PER CENT 
(CLASS INTERVAL: 4%Zn) 


INDIVIDUAL ASSAY VALUES 


BLOCKS OF 50 SAMPLES EACH 


BLOCKS OF 20 SAMPLES EACH 


(0) 4 8 12 16 20 24 28 32 36 40 44 % Zn 
ZINC GRADE 
Chart 9 — Pulacayo. Theoretical frequency distributions for individual assay values, blocks of 20 samples, 


and blocks of 50 samples each. 


are less than 30, or when N, is more than 
twice N,, or vice versa, more elaborate tests 
of significance should be applied (see: CROX- 
TON and COWDEN, 1946). 

The quotient of the inequality (15) for the 
example in hand is 0.90, and there is thus no 
definite evidence of a superior zinc content on 
the —446 level as compared to the —476 level. 
The observed difference of less than one 
standard deviation may well occur fortuitously. 
Had the lower level averaged either less than 
13.1% Zn, or more than 18.1 % Zn, this would 
indicate vertical zoning with a significant 
change in mineralization. 

The criterion of significance is useful also 
to detect physical bias. If two different me- 
thods of sampling, applied to the same volume 
of ore, produce estimates that differ signifi- 
cantly, one of the two — or both! — methods 
introduced bias. 


DISTRIBUTION OF BLOCK VALUES 


We have discussed the (binomial) dis- 
tribution of the individual assay values and the 
(virtually normal) distribution of the mean of 
these values. Now the frequency distribution 
will be considered of groups of successive 
assay values, each group representing a block 
of the ore reserves, or a stoping unit. 


At the Pulacayo mine, the standard practice 
is to divide the veins into blocks of about 
5000 tons each, measuring 40 meters along the 
strike by 30 meters in height (= distance 
between levels) by 1.3 meter in width (= stan- 
dard minimum stoping width). As the samples 
are spaced at 2.00-meter intervals, each block 
value is the mean of 20 successive assay values. 
Table VI presented already six block values, 
corresponding to the 118 samples taken on the 
—446 level. The theoretical distribution of 
these block values is determined in the same 
manner as outlined in Part I for the individual 
assay values. According to our premise, the 
coefficient d is independent of the size of the 
blocks and applies to stoping units as well as 
to individual assays; for the accompanying 
example d = 0.205. The mean of the total 
ore, M = 15.61 % Zn, is likewise the same, 
but for groups of 20 samples N = 118 : 20 = 
5.9 (= the number of blocks). We now obtain 
for the block values: k = 2.561, X, = 14.78% 
Zn (Eq. (3)), and o, = 0.137 (Eg. (4)). With 
these parameters the theoretical distribution 
can be computed. Chart 9 presents this dis- 
tribution for blocks of 20 samples together with 
the distributions for blocks of 50 samples and 
individual assays. To facilitate the comparison 
between the three curves, all frequencies are 


plotted in terms of the percentage of the total 
frequency and for intervals of 4%, Zn. 
As illustrated by Chart 9, an increase in the 
size of the blocks causes in general: 
a) A shrinking of the tails of the distribution 
and a narrowing of the range. For the 
accompanying example: 


Theoretical range De) 
_ Individual assays: 322 — 56.35% Zn 
Blocks of 20 samples: 8.68 — 23.72% Zn 
Blocks of 50 samples: 1175 — 19.14% Zn 
Total ore (118 
samples): 15.61 — 15.61% Zn 


b) A decrease in the skewness of the distri- 
bution and hence a tendency toward sym- 
metry, borne out by the mode and median, 
which move toward the mean. 


Knowledge of the theoretical distribution of 
block values is particularly useful in solving 
problems in which ore reserves are subject to 
pay limits. One of these problems is the selec- 
tion of the optimum size of the blocks. 

In agreement with common practice, blocks 
will be considered as potential stoping units; 
the average grade of each block is compared 
with a predetermined pay limit (‘cut-off grade’) 
to decide whether it has to be included in the 
reserve estimate, or discarded as being without 
- prospective value. Thus the size of the blocks 

is equivalent with the selectivity planned for 
the future exploitation: the smaller the blocks, 
the higher the selectivity. The effect of pro- 
gressively smaller blocks upon the reserve 
estimate is, of course, a decrease in the tonnage 
of ore, a less-pronounced decrease in the fine- 
metal content, and an increase in average 
grade. 

The size of the blocks being directly pro- 
portional with the number of assay values that 
‚ compose a block value, the theoretical fre- 
quency distribution can be computed and will 
readily provide the tonnage above any pay 
limit, while the corresponding grade can be 
determined as the mean of the mid-values of 
class intervals, weighed according to the fre- 
quencies. When this is repeated with the 
frequency distributions for other sizes of 
blocks, the complex interrelationship between 
reserve (tonnage, grade, and fine-metal), pay 
limit, and blocksize will crystallize into a table 
or chart that is likely to reveal quite unexpected 
.possibilities — particularly when the pay limit 
is close to the overall average grade of an 
orebody in which the valuable constituent 
varies considerably. These data will often 
prove indispensable in reaching a decision as 
to the most economic size of stoping units and 
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will further be useful in comparing two or more 
teserve estimates, based upon different pay 
limits and different block dimensions. 


OTHER APPLICATIONS 

Obviously, this presentation could not cover 
all possible applications of statistical methods 
to ore estimation; it is even far from exhaustive 
in indicating the type of problems that can be 
attacked with these methods. Reference to 
correlation problems (e.g., between two or 
more valuable constituents in the same ore), 
to trend problems (e.g., the method of moving 
averages), or to problems of grade control 
(e.g., the number and size of stopes to keep 
the variation in grade of the mill heads within 
specified limits) had to be omitted from this 
paper, as well as more specialized problems 
(e.g. in placer valuation). 


A FORECAST 

Prominent mining engineers and geologists 
have often stated that ore estimation is an art 
rather than a science, and that therefore sound 
judgment based upon experience is in this field 
a safer guide than mathematics. They point to 
factors that are supposedly not mathematical 
concepts — factors frequently labeled 'the 
character of the ore'. 

The present writer is convinced that the 
coefficient d as a measure of variability ade- 
quately replaces the collective intangibles and 
that statistical deductions based upon this 
measure can abolish the maze of empirical 
rules and intuitive techniques. At present ore 
estimation is more often an opinion rendered 
than a logical presentation of facts, and 
statistical methods are rarely applied. 

A hopeful prognosis can be derived by 
drawing a parallel with the introduction of 
statistics in the field of quality control of 
manufactured products, where, some 25 years 
ago, these new methods were not accorded an 
enthusiastic reception. Yet, in 1941 SIMON 
tonldaWEIten acer a list of the organizations 
using statistical methods reads like a Who's 
Who in American industry’. Apparently it has 
been recognized in this field that the statistical 
approach is not a mathematical refinement but 
a profitable tool. 
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GEOLOGISCH EN MIJINBOUWKUNDIG NIEUWS 


VIERDE.WERELD PETROLEUM CONGRES 


— Ten einde een deelneming van Nederlandse zijde 
te verzekeren aan het Vierde Wereld Petroleum 
Congres, dat in 1955 in Itali& zal worden gehouden, 
is hier te lande een Nationaal Comite opgericht, dat 
de volgende vertegenwoordigers uit de Nederlandse 
aardolie-industrie omvat: Ir A. A. G. Schieferdecker, 
voorzitter; dr J. H. L, Wennekers en jhr H. G. A. 
Quarles van Ufford, le en 2e vice-voorzitter; ir H. 
W. van Ockenburg, secretaris; ir J. K. P. Sloos, 


penningmeester. Als rapporteurs treden op dr B. 
Baars (sectie I, geologie); ir J. F. Browne (sectie II, 
exploratie, winning); Prof. dr ir H. I. Waterman 
(sectie III, chemische en physische raffinagemetho- 
den); ir A. Kuyl (sectie IV, producten incl. petro- 
chemische producten); ir H. van der Hoeven (sectie - 
V, engineering, materialen, diversen). 

Het adres van het secretariaat van het Nationale 
Comite is: Carel van Bylandtlaan 30, 's-Graven- 
hage. 


PRODUCTIECIHFERS VAN NEDERLANDSE DELFSTOFFEN 
— a u u | 


Maandgemidd.| Maandgemidd. ® E 

1951 un CE ee ai 
NEDERLANDSE STEENKOLENMIJNEN 
Maandproductie kolen, in tonnen SER 1 035 348 1 037 673 1 076 719 1433812 
Gem. productie per gewerkte dag, in tonnen 41 412 41 993 
Gem. productie per 8-urige werkdag, in tonnen 43 416 44 463 
Totaalaantal verrichte diensten o.g. (per maand) 598 719 644 827 668 192 708 856 
Netto productie industriebriketten, in tonnen 8218 6.098 7 000 7 859 
Netto productie eierbriketten, in tonnen 80311 77 506 73 829 65 413 
Productie cokes, in tonnen . 186 778 204 589 203 629 217 435 
Productie kunstmest, in tonnen 10 266 11.069 9882 11 385 
Productie electriciteit, in kWh 112 813 500 116 585 549 | 111 879 978 120 646 860 
Cokesovengas 76 122 81 006 79 282 84 758 
Generatorgas a er 4 640 4 166 2 992 775 
NEDERLANDSE AARDOLIE MAATSCHAPPI] 
Productie van aardolie, in kg tonnen 59 529 60 849 58715 58 739 
KON. NEDERLANDSCHE ZOUTINDUSTRIE 9e periode 102 periode 

1-9 — 28-9 29-9 — 2-11 
Productie van zout, in t Fern es 
‚ onnen OR: 33,971 33 069 34 252 41 887 
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MIINBOUWKUNDIGE DOCUMENTATIE n: 10 


Koolwinning B 


Pijler-ondersteuning 


„Schwarz-Universalstempel”’ 


SOORT 


De Schwarz-Universalstijl is een vroeg- 
dragende stijl met de in fig. 1 aangegeven 
karakteristiek. De inschuifweerstand is instel- 


Schleppkeil \ 
sitzt. auf_ En .R - 5 


Schleppkeil sitzt auf 


wirksame Reibung 4;+M, YTLEEELEE 
SchleppkeilwegS IKLEMMLAST # 
Be 


Sr ' i Einsinkweg 


=SchleppkeilwegS 


wirksame Reibung ‚uy*,lig 


Fig. 1 — Karakteristiek en schema van het slot 


baar tot maximaal = 50 ton, overeenkomstig 
de huidige mijnbouwkundige eisen met het oog 
op het stijlenvrije kolenfront. 


WERKING VAN HET SLOT 


De inschuifweerstand wordt verkregen door 
de wrijving tussen de bovenstijl en het met de 
onderstijl vast verbonden stijlslot en is het pro- 
duct van de slotkrachtt Q en de wrijvings- 
coefficient y, volgens de formule P= 2 1,0. 

Het oplopen van de bij het zetten bereikte 
beginweerstand (Klemmlast) naar de maximale 
inschuifweerstand (Nennlast) wordt bereikt 
doordat de inzakkende bovenstijl de insleepspie 
over de weg S meeneemt (fig 1). Dit mee- 
nemen van de insleepspie is slechts zeker als 
de wrijving us tussen de insleepspie en boven- 
stijl groter is, dan de wrijving u, tussen de rug 
van de insleepspie en de slotwand. De grootte 
der vereiste wrijvingsverschillen wordt bepaald 
door de grootte van de hoek « der insleepspie. 
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Door het meegaan van de insleepspie wordt de 

stijging van de beginweerstand tot de maximale 

inschuifweerstand bereikt, omdat daarbjj: 

a. ten gevolge van elastische vormverandering, 
nl. de uittrekking van de slotbeugel, de aan- 
vankelijke slotkracht Qy:n oploopt tot de 
maximale slotkracht Q nax- 

b. zodra de insleepspie op de slotrug komt te 
rusten, op de bovenstijl ook aan de zijde 
van de insleepspie in de plaats van de lage 
wrijving u, ook de grofere wrijving j1,, in 
werking komt. 

De wrijvingsvlakken van de bovenstijl zijn 
evenwijdig aan elkaar en bijgevolg kan de stijl 
na het bereiken van de maximale inschuifweer- 
stand (Nennlast) verder inschuiven bij con- 
stant blijvende inschuifweerstand. 


Fig. 2a-d. — Doorsnede van de stijl. 
CONSTRUCTIE 


De algemene constructie van de Schwarz- 
Universal-stijl is uit de figuren 2 a-d duidelijk 
te zien. In de daarbij behorende stuklijst (fig. 
2e) zijn alle onderdelen van de stijl met toe- 
behoren genoemd. 

Normaal worden voor stijlen tot een nuttige 
lengte van 1,12 meter, lichtere profielen dan 
bij langere stijlen gebruikt. De profielen en de 
verschillende slotonderdelen zijn binnen elk van 


deze beide groepen gelijk. Hierdoor is verkre- 
gen, dat alle slotdelen binnen elk der beide 
groepen verwisselbaar zijn. 


Fig. 2e. — Stuklijst Schwarz-Universal-stijl. 


Nr. Benaming Materiaal 
1  Bovenstijl St 60.61 

2  Onderstijl Sta38 

3  Slotbeugel St. 70 

4 _ Insleepspie St. 70 

5  Dwarsspie St. 70 

6 Drukstuk St. 70 

7  Roofexcenterstuk CK33 

8 Beugelinlegstuk St. 70 

9 _Remvoeringen St. 37 (Zink, Zn) 
10  Drukveer Verenstaal 
11 Onderlegschijf St. 00 

12 _ Geleidingsstuk St. 37 

13  Klinknagel Rz 

14  Steunstuk St: 37 

15  Glijdplaatjes Chroomnikkelstaal 
16 Kronenkop St. 37 

17 Voetplaat Ser 

18  DBorgpen Verenstaal 
19 _Smeernippel St. 00 

20  Zetspie Verenstaal 
21  Verlengstuk St. 37 
22 Vergrote voetplaat St. 37 

23  _Roofhaak A 


Voor het goed functionneren van Schwarz- 
Universalstijlen komt het erop aan, dat het 
wrijvingsverschil aan beide kanten van de in- 
sleepspie verzekerd is. Dit wrijvingsverschil 
wordt bij de Schwarz-Universal-stijl verkregen 
door gelijktijdig gebruik te maken van speciale 
remvoeringen met hoge wrijvingsco@fficient 
aan de ene zijde, terwijl aan de andere zijde 
glijdplaatjes uit roestvrij staal met een glad en 
hard oppervlak, met geringe wrijvingsweer- 
stand worden gebruikt. 

De remvoeringen bestaan uit een raamvor- 
mig grondlichaam van weekijzer met kamers, 
waarin een op zinkbasis opgebouwde metaal- 
legering is aangebracht. Deze metaallegering 
steekt in het begin iets boven het weekijzeren 
raam uit. Dit gedeelte der remvoering zet zich 
bij het in gebruik nemen der stijlen, spoedig op 
de bovenstijl af en vormt hierop een dunne 
huid. 

Daarna wordt de wrijving zowel door de 
zinklegering als door het dan meedragende 
weekijzeren raam verkregen. 

De glijdplaatjes kunnen niet verloren gaan, 
ofschoon deze beweeglijk tussen de slotbeugel- 
rug van de insleepspie zijn aangebracht. 

De voor de relatieve beweging van de in- 
sleepspie ten opzichte van de slotbeugel ver- 


eiste glijding, kan dus op 3 verschillende paren 
glijidvlakken plaats hebben. 


In het algemeen glijden de beide glijdplaatjes 
over elkaar. Ofschoon door het gebruik van 
verschillende materialen aan de beide zijden 
van de insleepspie, een voldoende groot wrij- 
vingsverschil verwacht kan worden, is het, 
rekening houdende met de optredende zeer 
hoge drukken noodzakelijk, om tussen de glijd- 
-plaatjes een smeerfilm aan te brengen, om 
vreten van het materiaal te voorkomen. 


De glijdplaatjes worden bij levering, door de 
fabriek gemonteerd, nadat deze met grafiet- 
houdend vet bestreken zijn. Dit vet moest tot 
voor kort ondergronds vernieuwd worden door 
de stijlen ondergronds te demonteren. Dit was 
 mogelijk, omdat de slotconstructie zich hiertoe 
- leent. Bij deze slotconstructie is het daarom ook 
mogelijk, defect geraakte onderdelen, zo nodig 
ondergronds te vervangen. 


Oberstempel mit 
parallelen Bremsflächen 
Schleppkeil 


| Druckstück 


J bügel 
rain Querkeil 


‚Fettkammern 


Schmiernippel Raubbolzen 


Gleitbleche 
Rückholfeder 


Fig. 3. — Constructie van het slot. 


In figuur 3 is de constructie der remvoerin- 
gen, als ook de montage der glijdplaatjes goed 
te zien en wel deze laatste in de nieuwere 
uitvoering. 

Deze glijdplaatjes zijn thans voorzien van 
twee I-vormige smeersleuven, welke dienen als 
voorraadsruimte voor gegrafiteerd vet, het- 
 welk in deze voorraadkamers niet onder de op 
de glijdvlakken zelf heersende druk staat. 

Bij het verschuiven der glijdplaatjes kan de 
vetvoorraad zich derhalve gelijkmatig over de 
gliidvlakken verdelen. 
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Om de vetvoorraad te vernieuwen of aan te 
vullen is in de rug van de slotbeugel een smeer- 
nippel aangebracht, welke in verbinding staat 
met de I-vormige vetkamers in de glijdplaatjes. 
Het is hierdoor mogelijk geworden met een 
handvetspuit de vetkamers van buiten af op- 
nieuw van vet te voorzien, zonder enige demon- 
tage. Dit moet op kortere of langere termijn, 
afhankelijk van de bedrijfsomstandigheden, in 
de pijler geregeld geschieden. 


GEBRUIK DER STIJLEN 


a. Het zetten var de stijl 

Het zetten der stijlen geschiedt bij geopend 
slot door middel van de zetspieön. Deze wor- 
den in de sleuven van de onderstijl geslagen en 
grijpen afwisselend onder de bovenstijl, resp. 
in de bovenkant van een in de bovenstijl aan- 
gebrachte sleuf. Door het aanslaan der zet- 
spieen kan een voorspanning van de stijl tot 
ca. 5 ton bereikt worden, 

Daarna wordt de dwarsspie van het slot flink 
aangedreven en hierdoor wordt dan de begin- 
aandrukkracht Q,„;. op de remvoeringen te 
weeg gebracht. 

Nadat de zetspieen zijn teruggetrokken is de 
stil gezet. De stijl draagt in deze toestand 
8&—10 ton, voor hij begint in te schuiven. 
(Klemmlast) 


b. Het gedrag van de stijlen bij belasting 


Zodra de druk van het dak groter wordt dan 
10 ton en het dak begint te zakken, bewegen 
zich bovenstijl en insleepspie gelijktijdig naar 
beneden, waarbij tot het moment, waarop de 
nok van de insleepspie op de slotrug komt te 
rusten, het draagvermogen van de stijl voort- 
durend oploopt tot de maximale inschuifweer- 
stand (Nennlast). 

Na het bereiken van dit punt blijven alle 
slotdelen, zelfs bij nog verder inschuiven var 
de bovenstijl, ten opzichte van elkaar onbe- 
wegelijk, terwijl de in het slot aanwezige span- 
ning, resp. de aanpersdruk Q„., en zodoende 
de inschuifweerstand onveranderd werkzaam 
blijven. 


c. Roven 

Normaal wordt de dwarsspie met een hamer 
teruggeslagen. Het is echter ook mogelijk, 
door hamerslagen tegen de uitstekende oren 
van de roofexcenterbout, deze ca. 90° te 
draaien en zo het slot te openen. De roofexcen- 
terbout biedt bovendien de mogelijkheid met 
lier en kabel, resp. met de Sylvester, te roven. 
Hierbij wordt dan gebruik gemaakt van een 
speciale roofhaak, zoals deze in fig. 2c ge- 
stippeld is weergegeven. Deze roofhaak kan 


Fig. 4 — Verlengstukken en voetplaten. 


vast met de hefboom van de roofexcenterbout 
worden verbonden, zodat de werkzame lengte 
van de hefboom groter wordt. Door het aan- 
trekken van de kabel of ketting wordt de roof- 
excenterbout los gedraaid, waardoor de met 
de roofexcenterbout samen hangende stijl in 
het veilige veld getrokken wordt. Op deze 
wijze kunnen gelijktijdig meerdere stijlen wor- 
den aangehangen, die dan echter achtereen- 
volgens geroofd worden. 

Bij het openen van het slot, wordt de insleep- 
spie door een veer weer in de oorspronkelijke 
toestand gebracht. 


TOEBEHOREN 


Om bij groter worden der laagopening de in 
de pijler aanwezige stijlen te kunnen gebruiken, 
wordt gebruik gemaakt van verlengstukken. 
Deze verlengstukken hebben verschillende leng- 
ten en kunnen over de normale voetplaat van 
de stijlen geschoven worden (fig 4). Bij een 
zachte vloer kan bovendien gebruik gemaakt 
worden van grotere voetplaten, welke evenals 
de verlengstukken over de normale voetplaat 
der stijlen geschoven kunnen worden. Op de 
zelfde wijze kan bij gebruik van verlengstuk- 
ken, onder deze verlengstukken een grotere 
voetplaat worden aangebracht. Zowel de ver- 


lengstukken als de grote voetplaten, worden 
door een verende borgpen stevig met de stijl 
verbonden. 

Als van de mogelijkheid tot roven met de 
kabel geen gebruik wordt gemaakt, kan de 
roofexcenterbout vervangen worden door een 
beugelinlegstuk (fig. 2d). Dit is niet alleen 
lichter, doch ook economischer. 

Zowel de roofexcenterbout als het beugel- 
inlegstuk zijn onsymmetrisch uitgevoerd. 

Bij nieuwe stijlen wordt de dunne kant van 
roofexcenterbout resp. beugelinlegstuk, tegen 
de dwarsspie gelegd. Bij slijtage van de rem- 
voeringen kan de dwarsspie steeds verder wor- 
den ingeslagen, Is het aanslaan van de dwars- 
spie hierdoor niet meer mogelijk, dan wordt de 
roofexcenterbout, resp. het beugelinlegstuk 


180° gedraaid, waardoor het dikke einde tegen 
de dwarsspie komt te rusten en deze wederom 
in de oorspronkelijke stand komt. Hierdoor 
werd het mogelijk, de dwarsspie zeer kort te 
maken. 


Fabrikant. De stijlen worden vervaardigd 
door de Hermann Schwarz, Kommanditgesell- 
schaft te Wattenscheid, West-Duitsland, en in 
Nederland verkocht door P. Bergstein, Han- 
delmaatschappij C.V., te Kerkrade. 


Toepassing. Sinds 1947 werden 450.000 
Schwarz-Universal-stijlen vervaardigd en in 
Duitsland, Nederland, Belgie en Engeland in 
gebruik genomen, Dit bewijst de bruikbaarheid 
van deze stijl. De foto's tonen de toepassing in 
enkele pijlers bij Nederlandse mijnen. 
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HOOPE, L. N. TEN —, 
straat 11. (bg) (M.V.D.) 

HOUTZAGER, M. —, Delft, Hof van Delftlaan 
35. (bg) (M.V.D.) 

JANSEN, R. E. —, Delft, Hoornsestraat 23. (bg) 
(M.V.D.) 

KLOMP, E. J. W. —, Voorburg, Oosfeinde 263. 
(bg) (M.V.D.) 

KUYL, J. A. VAN DER —,, Delft, Koningin Em- 
malaan 148. (bg) (M.V.D.) 

MEULENKAMP, ]J. J. —, Delft, Oranje Plantage 
42. (bg) (M.V.D.) 

MINERAIS S.A., SOCIETE GENERAL DES —, 
Bruxelles, Belgique, 31 Rue du Marais. (b) (gk) 

MUNTENDAM, D. —, Delft, Binnenwatersloot 
35. (bg) (M.V.D.) 

ROMIJN, E. —, Rotterdam, Talmastraat 77c. (bg) 
(M.V.D.) 

(bg) 


Sal, Ih Dr — 
(M.V.D.) 

SCHOTEL, D. W. —, Delft, Koningin Emmalaan 
6. (bg) (M.V.D.) 

STRIK, TH. G. J. —, Delft, Duyvelsgat 27. (bg) 
(M.V.D.) 

ITANgAESELE 
(bg) (M.V.D.) 

VERHOOG, H. M. —, Delft, Tweemolentjesvaart 
27. (bg) (M.V.D.) 

VEEN, H. VAN —,, 's-Gravenhage, Aardbeistraat 
9. (bg) (M.V.D.) 

WEBER, K. J. —, 's-Gravenhage, Waldeck Pyr- 
montkade 30. (bg) (M.V.D.) 

WILLEMS, F. H. A. —, Delft, Kloosterkade 106. 

(bg) (M.V.D.) 

WIRTZ, R. —, Delft, de Colignystraat 109D. (bg) 
(M.V.D.) 


Nieuwe adressen: 

ADELAAR, mi. Ir E. H. —, Geleen, Vondellaan 
23. (m) (K) 

BÄR, CH. B. —, Ben Aknoun, Alger (Algerie), 
Afr. du Nord, Cit& Universitaire B 5. (bg) 
(U.G.V.) 

BOTTINGA, geol. drs. S. ©. —, 's-Gravenhage, 
Thomsonlaan 28. (g) 


Delft, Adriaan Pauw- 


Delft, Gasthuislaan 39. 


Voorburg, Paradijsstraat 57. 


De Secretaris, 


H.].M.W. DE QUARTEL 


BRUIST, m.i. Ir E. H. —, Casper, Wyoming, 
U.S.A., c/o Shell Oil Cy, P.O. Box 720. (b) (K) 

ENGELBERTS, Dr F. G. —, Geoloog b. d. Socony 
Vacuum Oil Cy of Venezuela, Caracas, Ven., 
Apartado 246. (g) 

GISCHLER, C. E. —, 's-Gravenhage, Prinses Ma- 
riestraat 11. (bg) (L.G.V.) 

GREVE, m.ii. Ir I. R. J. DE —, Paramaribo, Suri- 
name, Anton Dragtenweg 6. (b) (K) 

HAGEMAN, B. P. — Leiden, Rijn en Schiekade 
14. (bg) (M.V.D.) 


KANIS, J. —, Leiden, Oude Vest 35. (bg) 
(L.G.V.) 
KOOP, O. J. —, Utrecht, Pelmolenplantsoen 4. 


(bg) (gk) (U.G.V.) 
RAMER, m.i. Ir G. M. —,, Bilbao (Vizcaya), Es- 
pafa, Sres. Cie A. Commercial y Maritima Wm. 
H. Müller. Flaza de don Frederico Moyüa & 
bajo. (m) 

MARTIN, Dr R. —, Caracas, Venezuela, c/o Shell 
Venezuelan Oil Concessions Ltd., Apartado 809. 


(g) 

NEDERLOF, M. H. —, 's-Gravenhage, Laan van 
Meerdervoort 235A. (bg) (L.G.V.) 

ODEN, F. H. VAN —,, Heerlen, Groningenstraaf 
10. Hoofdassistent Geol. Bureau te Heerlen. (bg) 

SCHEEN, Dr W. L. —, 's-Gravenhage, Weissen- 
bruchstraat #14. (g) (gk) 

STEENSMA, R. S. —, Delft, Spoorsingel 46. (bg) 
(M.V.D.) 

TAN, T. H. —, Leiden, Tiboel Siegenbeekstraat 18. 
(bg) (L.G.V.) 

VELDEN, wi IelE.] ]. M VANZDERZ=S 
Hoensbroek, Patersweg 57. (m) 

VERHOEFF, F. H. —, Amsterdam, Rivierenlaan 
229-II. (bg). (G.V.A.) 


Mutaties: 


BOEKSCHOTEN, G. J. —, Hilversum, Hoge 
Naarderweg 50. Van (g) naar (bg) (U.G.V.) 
JONG, Dr J. D. DE —, Heemstede, Franz Schu- 

bertlaan 74. Van (g) naar (g) (gk) 


Rectificafie: 


GROEN, geol. drs. H. A. —, Mufulira, Northern 
Rhodesia, c/o Rhodesian Selection Trust (Ser- 
vice) Ltd. P.O. Box 120. (g) 


Bedankt per 1-1-1953: 


BEYERINCK, geol. drs. M. W. —, 
GRONDIS, Prof. Ir H. F. —, (b) 
GSELL, Dr R. —, (g) 
VERLAAN, K. —, (g 
WIT, G. C. J. M. DE —, (bg) (L.G.V.) 


g) 
(ak) (K) 


This is the regular 


daily performance of 


a Meco Trunk Belt 8, tons per minute 
Conveyor System usin 
ee ° 2500 tons per day 


140 H.P. & 75 H.P. Driving 


units and 42ins conveyors 


FOR RELIABLE TRANSPORT | 


extending 1% miles. 


THE MINING ENGINEERING CO LTD, MECO WORKS, WORCGESTER ENGLAND 


LONDON OFFICE: 50 PALL MALL LONDON S.W.l. CABLE MECOMONDE PICCY LONDON 


Agent tor Indonesia and Dutch Overseas Territorles: 


"AGMA ALGEMEENE GEREEDSCHAPPEN- EN MACHINEHANDEL - VALERIUSSTRAAT 59 - AMSTERDAM.Z 


DE MECA-BANKA 


Een nieuwe boormachine voor het opsporen van alluviale ertsen 


en voor algemeen grondonderzoek 


door C. ]J. Esseling 


Fig. 1 — Het inlaten van de puls 


De algemene loonsverhogingen, alsmede het 
ontbreken van de nodige werkkrachten in vele 
landen hebben geleid tot het ontwikkelen van 
een mechanisch aangedreven werktuig, dat, ge- 
kenmerkt door dezelfde goede eigenschappen 
als de bekende Bankaboor, een snellere boor- 
vordering levert, een groter dieptebereik heeft 
en slechts door 2 man behoeft te worden be- 
diend in plaats van de 6 ä& 8 man welke nodig 
ziin voor de Banka handboor. 

De goede eigenschappen van de Bankaboor, 
vooral wat het monsternemen aangaat, berus- 
ten in hoofdzaak op het feit, dat de buizen, die 
het boorgat bekleden, regelmatig de vordering 
van de boring volgen of, beter nog, dat de 
buisschoen steeds 1 ä 2 decimeter dieper staat 
dan de bodem van het boorgat. Deze werkwijze 
heeft ten doel de grond zo weinig mogelijk te 
toeren en te verhinderen, dat er grond of erts- 
korrels van buiten de bekledingsbuis in het 
boorgat terecht komen. 

Het dieper brengen van de bekledingsbuizen 
geschiedt bij de Banka handboor ten eerste 


door het gewicht van de mensen, welke op het 
platform werken en ten tweede door de u 
een regelmatig draaiende beweging te geven 
De Meca-Banka is uitgerust met een ben“ 
zinemotor, welke de bekledingsbuizen in een 
langzaam draaiende beweging brengt en tevens 
de puls of enig ander boorwerktuig bedient, 
terwijl het aan- en afschroeven van de buizen, 
alsmede het trekken van deze buizen na het 
beeindigen van de boring, eveneens met motor- 
kracht geschiedt. Voor het roteren van de bui- 
zen worden deze geklemd in een rotatietafel, 
die over een lengte van 75 cm op en neer be- 
wogen kan worden. Nadat deze lengte is afge- 
boord, wordt de buizenklem losgemaakt en de’ 
tafel met behulp van een handliertje wederom 
in de topstand gebracht. ' 
Mocht in een harde laag het gewicht van 
buizen + tafel onvoldoende zijn om de buizen 
te doen zakken, dan kunnen deze met behulp’ 
van het liertje dieper gedrukt worden; in een 
zeer zachte laag echter, wanneer de buizen te’ 


Fig. 2 — Het opzetten van een nieuwe buis 


snel zouden zakken, kan het dieper gaan door 
middel van een pal worden verhinderd. 
Is bij de Banka-handboor de puls of een an- 
dere boor aan stangen verbonden, bij de Meca- 
Banka geschiedt het boren aan een staalkabel, 
aardoor het tijdrovende aan- en afschroeven 
an de boorstangen wordt vermeden. 
De puls of boorbeitel wordt op en neer be- 
ogen door een verstelbare krukbeweging met 
rijje valinrichting, waarbij het valgewicht 
wordt verhoogd door tussenschakeling van een 
z.g. zwaarstang. In zeer taaie klei, waar met de 
| 
puls nauwelijks vordering is te bereiken, is het 
wenselijk gebruik te maken van een avegaar, 
een kleisteker of dergelijik gereedschap. Dit 
wordt dan echter aan boorstangen verbonden, 
die dan verder ook bij vangwerk goede dien- 
sten bewijzen. 

Na het beeindigen van een boring, moeten 
de bekledingsbuizen getrokken worden. Dit ge- 
schiedt vlug en gemakkelijk door een takel in 


Technisch Bureau VROMEN N.V. 


Telefoon K 4449 - 541 BRUNSSUM 
Centrale verwarming 
Sanitair 
Constructiewerk 
Onder-enbovengrondseleidingen 


Hijs- en montagewerkzaamheden 


I 


Fig. 3 — Het vervoer over langere afstanden 


te schakelen, terwijl de buizen tijdens het trek- 
ken worden geroteerd. Het losschroeven van 
de verbindingen gebeurt weer door motor- 
kracht. 

Voor het transport kan het boorwerktuig 
worden gekoppeld aan een vrachtauto, waarop 
dan tevens de buizen en het overige gereed- 
schap wordt geladen. De machine is voorts 
uitgerust met een verhaalliertje, waarmede het 
boorwerktuig bij het boren van een serie gaten 
op korte onderlinge afstand op eigen motor- 
kracht kan worden verplaatst. 


De boordiepten zijn voor verschillende buis- 
diameters als volgt: 


uUD. 87 — 615’ — 434”. 
beardiepten: = 23 .m = 35 mr 50 meter. 
gewicht + 1800 kg. 


De foto’s werden welwillend afgestaan door 
Conrad-Stork te Haarlem. 


LAS TECHNICUM 
BRUNSSUM 


KERKSTRAAT 56 
TEL. K 4449-541 


FABRIKANTE VAN: 
De bekende „LANCO"” 

Se Las- en Snijgereedschappen 
| Systeem „Messer’” 


Reparatie-Inrichting 
Voor ALLE Autogeen apparatuur 


| 
i 


de effieiente roterende (zz 


j 


de Econdust werd na langdurige proefnemingen ontwikkeld door ons stoftech ij 
laboratorium. De Econdust is bij de moderne gezondheidsleer 
begrip geworden. De Econdust kan direct bij de stofbron geplas 
worden en maakt daardoor lange leidingen overbodig. Met 


Econdust worden Uw stofproblemen op economische wijze opge 


chemische industrie 
slijp-, polijst- en zandstraalinrichtingen 
levensmiddelen industrie 

zeepfabrieken 

glasindustrie 

kunststoffen-industrie 

gieterijen en machinefabrieken 
keramische industrie 
houtbewerkingsbedrijven 


KK 


Enkele voordelen: * laag krachtverbruik * beknopte bouw * hoge afscheidingsgraad | 


* bedrijfszekere werking * weinig onderhoud * geringe aanschaffingska 


Op aanvraag zendt onze afdeling Documentatie U gaarne een uitgebreide brochure, 


N.V. BRONSWERK . TELEFOON K 3490-4542 - AMERSFOORT 


Kantoor Antwerpen - Meirbrug 1 - Tel. 32.64.84 


2 st. Atlas compressoraggregaten, elk 240 kW 


STATIONNAIR 


COMPRESSOREN | TRANSPORTABEL 
KLEIN 


MODERNE BOORHAMERS (Swedish Tunneling) 
AFBOUWHAMERS 


LAADWAGENS 


SANDVIK COROMANT BOORSTALEN 


ADRES: N.V. HOLLAND-ATLAS 
WITTE HUIS TELEFOON 29350 ROTTERDAM 


Zeven voor de grofste tot de fijnste scheiding 


De "SYMONS PATENT ROD DECK 
SCREEN” is een klasseerzeef met groot 
nuttig effect. Het zeefoppervlak wordt ge- 
vormd door staven van verenstaal in plaats 
van het gebruikelijke zeefgaas of de geper- 
foreerde plaat. Bij zeer grote toevoer van 
nat of droog materiaal kan een buitenge- 
wone capaciteit worden bereikt. 


Door de lange levensduur van de stalen 
staven ziin de onderhoudskosten van het 
zeefvlak bijzonder laag, waardoor ook de 
zeefkosten per ton miniem zijn. 


SYMONS ZEVEN 
u“ FABRIKAAT VAN NORDBERG 


HEAD OFFICE: MILWAUKEE, MANUFACTURING COMPANY 
WISCONSIN. U.S.A. 19 CURZON STREET, LONDON. W. 1. ENGLAND 


Perslucht-, sleep-, helling- 


en remlier 


Perslucht-rooflier, ook als montagelier, veilig- 
heids- en rangeerlier } 


Woereldhekende lioren 


verhogen het transportrendement en verlichten de arbeid. 


In talrijke mijngebieden over de hele wereld lossen de DÜSTERLOH- 
persluchtlieren en electrolieren de moeilijkste problemen op. Nauw- 
berekende constructie, grote capaciteit, eenvoudige bedrijfsveilige 
bouw en veelzijdigheid zijn er de voornaamste kenmerken van. Meer 
dan 27000 zijn reeds in gebruik, zoals: speciale lieren voor 
Neuenburg-kabelinstallaties, ook voor steile hellingen treklieren voor 
de schaafploeg, montagelieren voor het boven- en ondergronds 
bedrijf, rooflieren, schraaplieren, transportlieren met een trekkracht 
tot 1,6t. en sleeplieren voor elk doel. Vraagt ons om prospecti en advies. 


DERFERKOM 


GEWERKSCHAFT DÜSTERLOH . BOCHUM 


Vertegenwoordiger: Ing. Bureau „Limaha'', Kerkrade 


lectro-lier 
—— 


to 
Alco 2/50 


o Hm nd 
0 10 20 30 #0 50 700 mm 


ALCO 2 ist auf 25, 30, 35 oder 40 to leicht umzustellen 


eichtmetallstempel 


flache und halbsteile Lagerung 


IEMANN- MASCHINENFABRIK GMBH. : BOCHUM 


op de diagrammen 
toont de werkwijze van de 


BRIEDEN-BLAASLUCHTREGELAARS 


htragende 


Fernruf: Sammelnummer 61856 


HA-ES POMPEN 


De zelfaanzuigende pomp, die zichzelf verdient 


Gering krachtverbruik 


Geschikt voor diverse vloeistoffen 


Vraagt prospectus en nadere gegevens 


N.V. MEPPELER MACHINEFABRIEK EN TECHNISCHE HANDELMIJ 
vh Fa. F. HUISMAN - MEPPEL (NETHERLANDS) 


MASCHINENFABRIK 


KARL BRIEDEN & CO. 


BOCHUM 
Vert. Ing. Bur. „FERRUM“, Heerlen 


Verkoopkantoor: Kuyl & Rottinghuis - Utrecht 
N. 5 


SOLITE 


schietgatenhoormachine 


Gewicht slechts 225 kg 
Boordiepte 100 m 
Opstelling in slechts 
OntadStowk) 15 minuten 

Bey Ook leverbaar 

©, op aanhangwagentje 


IN 


HAARLEM - HOLLAND 


En 


Reeds meer dan 40 jaar 


'DELBAR: 


TECHNISCH BUREAU DAHLMAN 
ROTTERDAM-MAASSTRAAT 7-POSTBUS 242 
«=» 27255 8 dahlman rotterdam 


LUEHTFILTERS 


voor industrie-hygi&ene-voertuigen 


speciaal 


bovengronds ter reiniging van de koellucht 
voor generatoren en electromotoren, voor de 
aanzuiglucht van compressoren, bij de ventila- 
tie van schakelruimten en wasgelegenheden 


ondergronds voor de koellucht van mijn- 

motorpompen, acculaadruimten, werkplaatsen 

en voor de verbrandingslucht van Dieselmijn- 
locomotieven 


Vraagt vrüjbljvend offerte en ingenieursbezoek 


METERFABRIEK 
DORDRECHT 


Afdeling: Ovenbouw 


Postbus 42 _ Telefoon K 1850 - 3141 
Cokesovens’) 
® 


Centraalgeneratoren’) 


Ovenbemetselingen 


Ketelbemetselingen 


\) Licenties van de Cie. Generale de Construc- 


tion de Fours te Montrouge (Seine) 


Bu Bm md nn mn 


TE 


DRILLS 


BITS 


for all kinds of drilling operations 


More than 60 years experience in 


manufactaring and contract core drilling 


Svenska Diamantbergborrnings AB 


D.DRUKKER & Zn, N.V. 


WEESPERPLEIN 4 - AMSTERDAM - TELEFOON 53906-50369 


DIAMONDS 


Pioniers op het gebied van 


Mijnlampen 
en 


Mijnverlichting 


Vertegenwoordigers: 


Staalhandel G. SARK 
POSTBUS 259 - HAARLEM 


FRIEMANN & WOLF c.me.n. 


EN 
Akkumulatoren- und Grubenlampenfabrik POSTBUS 3 
DUISBURG - GEGRÜNDET 1884 EUGELSHOVEN 


Speciaal schokbestendig 
staal-alliage 


en VICTOR 


hardmetalen inzetstukje 


verlagen Uw boorkosten VICTOR PR D 
VICTOR’s 20-jarige ervaring staat borg 0 UCTS LTD. 


voor kwaliteit WA L/ISSSE N,D. .ZEONF ZETZyENE 


VERTEGENWOORDIGERS: N.V. INGENIEURSBUREAU v/h J.M.C.VAN BORSELEN & Co. - Lange Poten 15A - Den Haag 


BE-HAAKKAPPEN 


IN VOLLEDIG EN GEDEELTELIJK GEMECHANISEERDE PIJLERS 


GEEN LOSSE DELEN . GEMAKKELIJKE WERKWIJZE OOK IN 
DUNNE LAGEN - MAKKELIJK ROVEN --GERINGE REPARATIES 


BOCHUMER EISENHÜTTE HEINTZMANN& CO. 


wesssaua LOBBE-SCHAAFPLOEG 


DE NIEUWE KOOLWINNINGS-, LAAD- EN 

TRANSPORT-MACHINE. MET EEN CAPA- 

CITEIT TOT 1000 TON PER DIENST VOOR 

LAGEN VAN 40 CM EN HOGER, BI) EEN 

HELLING VAN 30° BENEDENWAARTS 
EN 16° OPWAARTS. 


52/6 H. v. Neindo 


GEWERKSCHAFT EISENHÜTTE 


&» WESTFALIA LÜNEN 


VERT. INGENIEURS-BUREAU „FERRUM” HEERLEN 


MINLOCOMOTEYEN 
WVERICOMPRESSOREN 


K“ 


Naamloze Vennootschap 


W. A. HOEK’s 


MACHINE- EN ZUURSTOFFABRIEK 


Postbus 78 - Schiedam 


KEMA Köln-Ehrentelder Maschinenbau-Anstalt 
KÖLN-EHRENFELD 


bouwt ruim 


50 jaar 


TRANSPORT- 
LIEREN 


OPHAAL- 
MACHINES 


Vertegenwoor- 
diger voor 
Nederland: 


Ing. Bureau 


„FERRUM” 


St. Antonlusweg 9, 
HEERLEN 


Räder und Radsätze 
für Feld- und Grubenbahnen und 


Stahlformguss aller Art 
für den Bergbau 
liefert in bester Qualität 


seit 1879 
WITTENER HÜTTE 


Aktiengesellschaft 


WITTEN (RUHR) 


CHEPRO Ingenieurs- en Handelsbureau 
Postbox 64 - Tel. K 8800-22617 - Nijmegen 


Loog- en zuurvaste keramische bekledingen 
Beits- en phosphateerinrichtingen 


Zuurketels - kookketels - grote opslagtanks 


schoorstenen - afzuigkanalen - rioleringen 
RASCHIGRINGEN, steen, porcelein, glas 
Zuurvaste cementen Asplit en Furacin 
ELECTROFORESE — METAALGUMMERING 
DIKSTOFPOMPEN, met verwarmingsmantel 
CHAMOTTE STENEN, hoogwaardige producten 


| 


FORTSCHRITTLICH 


UND LEISTUNGSSTEIGERND 
SIND UNSERE ABBAUHAMMER 


HOHE MIT BEWAHRTEM 


REIBUNG 


HANDGRIFF 


2 
NIEDRIGE 
REIBUNG DURCH 3 
GLEITBLECHE 


AUS 


... gewährleisten 


erfolgreichen Einsatz 


der frühtragenden 


MASCHINENFABRIK 


RUDOLF HAUSHERR & SÖHNE 6.m.b.H. 


SPROCKHOVEL i.W. 


SNELKOPPELINGSBUIZEN 


beweegbaar _ 
en toch 
volkomen dicht 


HERMANN WINGERATH KG - RATINGEN 
ROHRLEITUNGS- UND APPARATEBAU 


GIET- DRAAI- en KETTINGWERK _ 


"SPEZIALFABRIK für. 


Rollenketten, Galiketten, Büchsenketton, 
Transport- und Förderketien 


Ketten für Fahrtreppen und Umlaufaufzöge 


 KETTENRADER 


und Kettenachsen in allen Dimensionen 
Fernsprecher 3151 und 31 52. : Telegrammadresse: 


| ATELIERS DE CONSTRUCTIONS MECANIQUES 
A. COLINET S.A. 


| 
\ 
| LE ROEULX (Belgique) 
Telephone: Le Roeulx 63 - La Louviere 221.96-- 220.18 — Adresse telegr.: Colcroix — Le Roeulx 


| PROGRAMME DE FABRICATION 


ABATAGE 


Marteaux piqueurs 
Marteaux brise-beton 
Marteaux böches 
Aiguilles et autres outils 


PERFORATION 


Marteaux perforateurs 
Bequilles pneumatiques 
Tetes de rincage 
Capteurs de poussieres 
Foreuses pneumatiques 
Jumbo -Fleurets - Taillants 


TRANSPORT 


Installations completes de 
bandes transporteuses 
Rouleaux pour transpor- 
teurs 
Moteurs pneumatiques 


SOUTENEMENT 


Etancons metalliques & 
hauteurs reglables 
Treuil @ main pour arra- 
chage des &tancons 


matiques, busettes, &crous 
a ailettes - Carcans, nip- 
ples, etc... 


BETON 
Verins de precontrainte 


Vibrateurs pneumatiques 
a beton 


DIVERS 


de taillants en me&tal dur 


TUYAUTERIES 
CHARGEMENT : 
Tous accessoires pour air 
Tasseurss pneumatiques comprim& eteau.Raccords 


pour wagonnets 
Chargeuses pneumatiques 


«CATAPULTE» 


en metal dur - Affüteuse 


LAAD- 
INRICHTIN GEN 


voor accu- 
batterijen 


rapidesärotuleavecjcints 
auto-&tanches «SUPPLEX» 
Robinets - Soupapes auto- 


Toutes pieces mecaniques 
de haute precision axige- 
ant des matieres de qua- 
lite, du traitement ther- 
mique (cementation et 
trempe),delarectitication, 
rodage - Meuleuses pneu- 
matiques da main pour 
ajusteurs 


AAIECTAILITE 


uU Em Ip EnE 5 Es 


H.R. SMITH N.V. 


KEIZERSGRACHT 520 - A'DAM - TEL. 42012-41801 


Agente en verlegenwoordigster 


WESTINGHOUSE 


BRAKE AND. SIGNAL COMP, LTD, 


Licentie voor Nederland, 
Indonesi& en Overzeese Rijksdelen 


steeds 
gaarne 
tot uw 
A dienst 


N.V. NEDERLAND - HAARLEM 


DONKERE SPAARNE 223 TELEFOON 13430 


MIINVERLICHTING _ 


DRUKVASSSIIE ARMATUUR 


FLAMEPROOF 


alle soorten en | 
uitvoeringen in | 
elk materiaal | 


CONTROLE- 
ZAEN:EN ee 


ELECTRISCHE UITRUSTINGEN VOOR MIJNBEDRUVEN 


Drukvaste motoren 


Electrische aandrijvingen 
voor ophaalmachines 


Accumulatorlocomotieven 
in mijngasveilige uitvoering 


ELECTRICITEITS 
AMSTERDAM.C. 


/ TEL 45212 (6lijnen) /FREDERIKSPLEIN 26 


DE m mens 
ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN e.d. 
AAN: G. A. TIESING, VOGELKERSSTRAAT 48, DEN HAAG, TELEFOON 334141 


Voorkom bedtrijfsstagnatie door 
het risico van veerbreuk op te 


heffen door het gebruik van! 
Styria "Flex". i 
Ook leverbaar in geharde =} 
gebogen veerbladen, resp. co; | 


plete veren. Styria”Flex” heeft een 


groot draagvermogen, gepaard | 


aan een bijzondere soepelheid. |} 


43 METAALCOMPAGNIE 
„BRABANT” ww. 


TEL. 7744* (K 4900) Ei IDHOVEI 


Drukvaste transformatoren 


Electrische 
rijidraadlocomotieven 
voor ondergronds bedrijf 


Turbocompressoren 


MAATSCHAPPI)J AEG 


P\ 


